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FOREWORD 


During  the  past  ten  years  the  world  has  changed  ideologically  and 
socially  perhaps  more  profoundly  than  in  any  previous  decade.  One  thing 
has  remained  unchanged,  however, — the  will  to  live  is  stronger  everywhere 


in  the  world  than  it  has  ever  been. 

In  the  United  States  of  North  America  that  will  to  live  has  been  emin¬ 
ently  successful.  The  expectancy  of  life  at  birth  is  now  rapidly  approaching 
70  years.  Never  before  has  any  vast  population  in  the  world  demonstrated 
that  life  expectancy  could  be  more  than  doubled  by  conscious  effort  toward 
the  best  uses  of  human  and  material  resources. 

No  inconsiderable  part  of  these  efforts  have  been  exercised  in  the  field 
of  environmental  sanitation.  The  fruits  of  these  efforts  are  everywhere 
manifest  in  our  country  by  the  reductions  or  the  virtual  elimination  of 
insect,  sewage  or  rodent  borne  diseases,  such  as  malaria,  typhoid,  typhus, 
and  the  dysenteries.  Measures  for  the  protection  of  drinking  water,  for  the 
disposal  of  sewage,  for  the  safeguard  of  food,  etc.,  have  paid  enormous 


dividends  in  the  saving  of  human  lives  and  in  the  even  greater  saving  of 
dollars. 

Yet  for  well  over  three  quarters  of  the  population  of  the  world  these 


beneficent  results  are  still  largely  to  be  attained.  Neither  personnel,  funds 
nor  understanding  are  available  in  sufficient  amounts  to  bring  even  a  tithe 
of  the  benefits  we  have  been  fortunate  enough  to  gain. 

Even  the  layman,  who  stops  to  think,  may  wonder  what  the  mechanisms 
of  sanitation  are,  from  which  some  of  these  blessings  flow.  He  and  the  tech¬ 
nologist  who  serves  him  require  an  easy  reference  to  these  techniques. 

Ihis  easy  reference,  the  authors  of  the  present  volume  hope  to  provide 
One  can  but  admire  the  courage  and  the  diligence  of  an  author  who  as¬ 
sumes  such  a  task  of  wide  coverage  and  complexity.  That  he  succeeds  is  a 
trilxite  to  his  energy  and  patience.  That  he  pays  a  necessary  penalty  in 
failing  to  provide  detailed  information  on  every  feature  of  environmental 

TtextbookU  this  would  require  a  library 


The  volume  should  find  a  wider  field  of  reader  in  the  teacher,  the  gen- 
eral  student  the  nurse,  the  health  officer,  and  the  layman  than  would  be 

Dhvr,l  ‘'■'•‘'"“'“Sy  of  tl'e  art  of  keeping  the 

physical  environment  safe.  '  ^  ^ 


November  1,  1950 


Abel  Wolman 
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PREFACE 


This  text  has  been  developed  as  a  guide  in  environmental  sanitation 
procedures  for  the  training  of  physicians,  nurses,  sanitarians  and  students 
in  sanitary  engineering  for  a  career  in  public  health.  It  seeks  to  bring 
together  in  one  volume  the  pertinent  facts  comprising'  sanitation  practice 
as  it  is  today  in  this  country. 

We  appreciate  the  Foreword  by  Dr.  Abel  Wolman,  Professor  of  Sanitary 
Engineering,  .Johns  Hopkins  University. 

We  also  acknowledge  with  pleasure  the  assistance  given  by  Ann  K. 
Magnussen,  Administrator,  Nursing  Service,  American  Red  Cross;  Col. 
William  A.  Hardenbergh,  USAR,  Editor  and  President  of  Public  Works; 
Dr.  Wilmer  H.  Schulze,  Director,  Sanitation  Section,  Baltimore  City 
Health  Department;  Mr.  George  L.  Hall,  Chief  Engineer,  Maryland 
State  Department  of  Health,  Mr.  Harold  B.  Robinson,  Senior  Scientist, 
Region  II,  L  nited  States  Public  Health  Service,  and  Mr.  Ferdinand  A. 
Korff,  Director,  Food  Control  Bureau,  Baltimore  City  Department  of 
Health.  Their  criticism  has  increased  materially  the  value  of  the  text. 

Illustrations  of  technical  equipment  made  available  by  various  manu¬ 
facturers  and  permission  for  reprinting  certain  other  photographs  and 
factual  data  are  gratefully  acknowledged. 

The  Authors 
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Chapter  I 

FUNDAMENTAL  CONCEPTS 


Sanitation  may  be  defined  as  the  control  of  those  factors  of  the  environ¬ 
ment  affecting  public  health,  so  that  disease  is  prevented  and  positive 
health  is  gained.  It  is  apparent  therefore  that  the  fundamental  precepts 
will  be  found  in  the  sciences  of  bacteriology,  biology,  entomology,  epi¬ 


demiology,  chemistry,  and  physics.  Without  engineering  application  of  the 
l)asic  principles  of  these  sciences  to  the  design  of  machinery  and  structures, 
modern  urban  and  rural  life  and  present  day  civilization  would  have  been 
impossible.  It  is  obvious  therefore  that  the  history  of  sanitation  is  the 
record  of  the  development  and  subsequent  application  by  engineering 
principles  of  these  sciences  to  public  health  use. 

Initial  sanitary  effort  was  to  secure  safe  water  supplies  and  satisfactory 
methods  for  sewage  disposal.  Hippocrates,  about  400  B.C.,  advocated 
boiling  and  filtering  of  a  polluted  water  before  drinking.  Many  of  the 
early  Mosaic  laws  referring  to  dietary  regulations  and  treatment  of  diseased 
persons  had  their  origin  in  sound  facts  of  hygiene.  Pliny,  70  A.D.,  in  his 
“Natural  History”  discusses  the  characteristics  of  potable  waters.^ The 
modern  practice  of  sanitation  probably  originated  in  England  in  1843 
with  the  appointment  of  a  Royal  Commission  on  the  Health  of  Towns.® 

The  observations  and  descriptions  of  bacteria  published  in  1675  by 
van  Leeuwenhoek  may  be  considered  as  the  origin  of  bacteriology  as  a 
science.®  Plenciz  in  1762  discussed  the  etiological  connection  between 
bacteria  and  disease  and  was  the  first  to  postulate  that  some  diseases 


were  caused  by  speciffc  micro-organisms.^®  Cagniard  de  Latour  and  van 
Schwann  demonstrated  in  1837  that  the  oval  bodies  observed  in  yeast 

by  van  Leeuwenhoek  were  actually  minute  living  vegetable  cells,  associated 
with  fermentation. 

Ihe  fundamental  discoveries  of  Pasteur®  established  bacteriology  as  a 
science.  His  work  in  1856  showing  that  alcoholic  fermentation  was  possible 
only  in  the  presence  of  yeast  confirmed  the  observations  of  Latour  and 
van  Schwann.  He  later  proved  that  specific  organisms  produced  charac¬ 
teristic  ferments.  This  led  to  the  study  of  wine  fermentation  in  1863  with 
the  elimination  of  undesirable  ferments  by  heating  below  the  boiling 
point.  Eradication  of  pebrine,  a  bacterial  disease,  from  the  French  silk 
worm  industry  followed  in  1865.  The  discovery  in  1876  by  Koch  that 
bacteria  were  present  in  the  blood  of  cattle  suffering  from 'anthrax  cvas 
««  in  18(/  by  1  a-steur’s  conclusive  demonstration  that  these  organ- 

sms  actua  fy  caused  the  infection.  This  rvork  established  beyond  question 
the  germ  theory  of  disease.  quesiion 
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Ilottmiiu  in  1809  was  the  first  to  stain  l)a(‘teria.  Koch  in  1877  developed 
\\eigert’s  method  of  staining,  making  possible  extensive  studies  of  bac- 


Fig  1  William  Henry  Welch.  Director  1918-26,  School  of  Hygiene  and  I’ublic 

:alth  Johns  Hopkins  University.  (This  was  the  first  school  organized 

ititution  to  provide  professional  training  in  public  health.)  Courtesy,  e  c  m  e 


ical  Library. 
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terial  forms.  The  discovery  by  Gram,  in  1884,  of  the  staining  procedure 
now  commonly  used,  introduced  a  precise  technique  into  these  studies. 
In  1881  the  introduction  of  solid  media  for  the  isolation  of  pure  cultures 
hy  Koch  laid  the  foundation  of  modern  bacteriology. 

The  introduction  of  aseptic  surgery  by  Lister®  may  be  consideied  the 
initial  application  of  bacterial  principles  to  medicine.  It  is  of  inteiest  to 
note  that  he  conceived  the  idea  of  wound  sterilization  from  obseiving  the 
abatement  of  odors  from  impounded  sewage  Iiy  treatment  with  cieosote. 

Eberth  identified  the  typhoid  bacillus  in  1880  and  Escherich  in  1885 
isolated  the  colon  bacillus  from  feces.  He  later  demonstrated  that  the  colon 


bacillus  organism  normally  inhabited  the  intestinal  tract  of  man  and 
animals.  Since  this  group  of  related  organisms  (Colilorm  group)  is  present 
in  the  discharges  from  all  animals  and  is  therefore  found  in  sewage,  tests 
for  the  safety  of  a  water  supply  are  based  upon  the  presence  or  absence 
of  these  species.  Without  the  development  of  the  science  of  bacteriology 
the  sanitarian  would  have  been  hopelessly  lost  in  the  search  for  (*ontrol 
procedures. 

Epidemiology  also  has  played  its  part  in  the  development  of  sanitation 
practices.  The  historic  work  in  1854  of  Snow  and  York  in  investigating  the 
now  famous  London  Broad  Street  well  epidemic  proved  the  inter-relation¬ 
ship  of  sewage,  drinking  water,  and  cholera.  The  Hamburg-Altona  epi¬ 
demic^®  in  1892  not  only  demonstrated  again  the  sewage — drinking 
water — cholera  chain,  but  also  showed  the  effectiveness  of  sand  filters  in 
removing  pathogenic  organisms  from  water.  The  typhoid  fever  outbreaks 
in  Salem,  Ohio  (1920);  Lansing,  Michigan  (1919);  and  Greenville,  Illinois 
(1925)  unfolded  the  story  of  typhoid  fever  contracted  from  water.  The 


spread  of  amoebic  dysentery  by  means  of  drinking  water  polluted  through 
faulty  plumbing  was  observed  in  Chicago  in  1933. 

Still  another  science,  entomology,  is  of  importance  to  public  health  and 
the  sanitarian.  Some  of  the  writings  of  Hippocrates  probably  refer  to 
quaitan  malaiia,^^  but  it  was  not  until  1880  that  Laveran  identified  the 
malaria  parasite.  The  subsequent  investigations  of  Sternberg,  Ross,  Grassi, 
and  Manson  are  associated  with  our  present  knowledge  of  the  man- 
mosquito— man  route  of  malaria.  In  1893  Smith  and  Kilborne  demonstrated 
the  tick  transmission  of  Texas  cattle  fever. 

Yellow  fever  is  also  an  example  of  the  way  entomology  has  placed  tools 
m  he  hands  of  public  health  workers.  Although  yellow  fever  epidemics 

ssi'inL”  it  was  not  until 

1881  that  Finlay  advanceil  the  true  explanation  of  the  etiology  of  this 

disease.  1  eed.- and  his  group  in  IW)()  proyetl  this  theory,  thereby  opening 

snL  T  ’’  f!r  ™  ‘'"'‘I''  ‘‘US  '8'™  .leveloped  too  hy  the 

<P1  nation  of  the  many  discoveries  of  chemistry.  'I'liese  newer  piin'eiples 
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made  possible  processes  for  the  purification  of  water,  sewage  and  trade 
wastes  that  seemed  impractical  a  few  years  ago. 

Apart  from  dependence  upon  general  chemistry  for  basic  analytical 
reactions  the  advancement  of  sanitation  has  been  directly  affected  by  the 
development  of  colloidal  chemistry.  Modei-n  colloidal  diemistry  began 
with  the  work  of  Graham  in  1861,  although  experiments  to  differentiate 
between  crystalloids  and  colloids  had  been  reported  as  early  as  1844  by 
Selmi.'’  From  this  has  come  the  development  of  gel  formation,  emulsions, 
coagulation,  surface  adsorption  and  other  fundamental  principles  of  col¬ 
loidal  chemistry.  In  water  treatment  chemical  coagulation  with  alum 
followed  by  filtration  through  sand  filters  was  patented  by  J.  W.  Hyatt 
and  Albert  R.  Leeds  in  1884.^  This  was  the  first  application  of  the  principle 
of  coagulation  with  an  electrolyte  to  remove  turbidity  from  water  on  a 
plant  basis. 

Sprenson  in  1909  concei\’ed  the  pH  scale  for  measurement  of  hydrogen 
ion  concentration  and  also  investigated  various  indicators  for  making  this 
test,  publishing  a  selected  list  of  those  suitable.^  The  classic  work  of  Clark 
and  Tubs  in  19 17“*  provided  an  excellent  series  of  indicators  and  standards 
for  precise  pH  determinations.  This  made  possible  a  practical  method  for 
accurate  determination  of  hydrogen  ion  concentration  without  complicated 
apparatus  and  procedures. 

The  principles  of  surface  adsorption  have  been  extensively  utilized  since 
1874  for  the  removal  of  manganese  and  iron  from  water  supplies  in  con¬ 
junction  with  an  aeration  process. 

The  activated  sludge  process  for  sewage  treatment  reached  outstanding 
development  in  the  work  of  Arden  and  Lockett  in  1914.*  This  procedure 
is  now  of  ecpial  importance  to  the  conventional  sedimentation-trickling 
filter  installations. 
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Chapter  II 

PRINCIPLES  OF  DISINFECTION 


Although  Patterson*  some  years  ago  clarified  the  nomenclature  used 
for  the  destruction  of  bacteria  considerable  confusion  still  exists  in  the 
precise  use  of  these  terms.  This  is  understandable  when  it  is  recognized 
there  is  some  difference  between  the  scientific  meaning  and  that  assigned 
by  popular  usage. 

Sterilization  signifies  the  destruction  of  all  living  organisms.  A  sterilizing 
agent  destroys  all  forms  of  life.  Steam  under  pressure  and  fire  are  the  most 
commonly  used  agents. 

Germicides  will  kill  micro-organisms  exclusive  of  spores.  They  are  usually 
chemical  compounds  but  ultraviolet  radiation  and  oligodynamic  silver  are 
also  germicides.  The  term  bactericide  is  synonymous  with  germicide  except 
that  its  usage  is  restricted  to  the  destruction  of  bacteria  rather  than  any 
micro-organism. 

Disinfection  denotes  the  destruction  of  infectious  organisms  by  a  ger¬ 
micide. 

Bacteria  are  inhibited  in  growth  and  held  in  a  state  of  suspended  metabo¬ 
lism,  or  condition  of  bacteriostasis  by  a  bacteriostat.  Such  an  agent  is 
bacteriostatic. 

Sanitizing  is  a  term  that  has  come  into  use  recently  among  public  health 
people.  Its  basic  meaning  is  “to  render  sanitary”.  It  implies  rendering  an 
article  clean  of  any  esthetically  objectionable  material  plus  elimination  ol 
any  harmful  contamination.  It  indicates  cleansing  and  bactericidal  treat¬ 


ment. 

An  antiseptic  may  be  either  germicidal  or  bacteriostatic.  If  used  for 
immediate  destruction  of  bacteria  as  in  gargles,  douches,  etc.,  it  is  bac¬ 
tericidal.  When  used  to  dress  surgical  wounds,  with  dependence  u})on  a 
long  contact  period  to  inhibit  bacterial  growth,  it  is  bacteriostatic.  Its 
primary  function  is  to  prevent  bacterial  multiplication. 

The  control  of  })athogens  in  water  supplies,  food  production,  milk 
control,  etc.  is  commonly  called  sterilization,  d  his  is  a  misnomer  since 
many  types  of  organisms  remain  after  treatment.  Disinfection  is  tlie 
j)roper  term.  This  tei-m  is  not  poi)ular  because  of  its  close  association  with 
foul  smelling  chemicals  and  the  average  person  resents  its  use  in  connection 
with  food  and  drink.  A  similar  situation  exists  in  the  sanitation  ot  eating 
utensils  commonly  referred  to  as  “sterilization”.  Actually  eating  utensils 
are  seldom  rendered  sterile  but  by  the  use  of  sterilizing  agents  and  bac 
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teriostats  the  organisms  are  reduced  in  numlier  below  that  consiflered  to 
be  of  public  health  significance. 

DISINFECTION  MECHANISM 

There  are  several  reactions  that  cause  the  death  of  bacteria,  namely, 
oxidation,  hydrolysis,  coagulation  of  cell  proteins,  destruction  of  essential 
enzymes  and  formation  of  salts  within  the  cell.  Several  reactions  may  be 
produced  by  a  given  germicide.  Heat  causes  the  destruction  of  essential 
enzymes  as  well  as  the  coagulation  and  dessication  ol  cell  proteins.  A 
bacteriostatic  reaction  is  considered  a  surface  reaction  in  contrast  to  the 
deep-seated  action  of  a  bactericide. 

The  absence  of  reproduction  of  bacteria  is  used  as  a  measure  of  determin¬ 
ing  the  efficiency  of  disinfectants  and  of  sterilization.  The  failure  of  sub¬ 
cultures  to  grow  within  their  normal  incubation  period,  after  inoculation 
into  a  suitable  medium,  is  accepted  as  evidence  of  bactericidal  action. 
It  is  recognized  that  bacteriostasis  may  invalidate  these  tests  giving  a 
false  death  point.  Careful  technique  is  required  to  assure  deatlT  so  that 
cultures  are  not  discarded  too  early. 

Organic  material  surrounding  a  cell  will  absorb  and  neutralize  a  bac¬ 
tericide  reducing  the  concentration  reaching  the  protoplasm  to  such  an 
extent  that  the  germicide  may  no  longer  be  potent.  Even  with  heat  steri¬ 
lization  efficiency  may  be  decreased  by  the  protective  action  of  colloids 
which  may  retard  hydrolysis  and  dessication  of  the  cells. 


GERMICIDAL  AGENTS 

01  the  many  substances  possessing  germicidal  properties  only  chlorine, 
bromine,  ozone,  quaternary  ammonium  compounds,  oligodynamic  sib'er, 
cresols,  certain  acids  for  food  preservation,  alkalies  used  as  detergents 
and  the  physical  processes  of  heat  and  ultraviolet  radiation  are  of  practical 
\  alue  in  sanitation  control. 

The  factor  of  cost  and  convenience  of  operation  together  with  absolute 
dependability  when  applied  under  the  desired  conditions  will  determine 
the  selection  of  a  germicide.  Ozone  and  ultraviolet  radiation  are  efficient 
bactericides  when  used  under  favorable  conditions  but  the  complicated 
control  procedures  and  cost  of  application  prohibit  their  general  use 
C  resols  are  satisfactory  disinfectants  where  food  and  drink  are  not  involved 
and  where  their  odor  is  not  deleterious.  In  many  instances  these  compounds 

prictimr'  ^  '''  '''  ''''  in<lifation  that  disinfection  has  been 

steam  under  pressure  is  the  preferred  method  for  the 
steiihzation  of  small  objects  not  ach-ersely  affected  by  heat.  Chlorine, 
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either  as  a  gas  or  soluble  hypochlorite,  because  of  its  low  cost,  ease  of 
application,  and  reliability,  is  the  germicide  of  choice  in  many  inkances. 


Fig.  2.  Large  capacity  air  operated  visible  vacuum  chlorinator.  (Courtesy,  Wal¬ 
lace  and  Tiernan  Co.) 

CHLORINE 

Chlorine  reacts  with  water  forming  hydrochloric  and  hypochlorous  acids. 
The  hypochlorous  acid  in  dilute  solution  dissociates  into  hydrogen  and 
hypochlorite  ions: 

CI2  +  HsO  HCl  +  IIOCl 
IIOCl  ->  II  +  oci 
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A  chlorine  solution  therefore  may  contain  molecular  chlorine  (CI2),  hy- 
pochlorous  acid  (HOCl)  and  the  hypochlorite  ion  (Cl()~).  Strong  solutions 
commonly  used  as  disinfectants  are  admixtures  of  molecular  chlorine  and 
hypochlorous  acid.  Dilutions  found  in  water  and  sewage  treatment  are 
mixtures  of  hypochlorous  acid  and  hypochlorite  ion.  The  hydrogen  ion 
concentration  of  the  solution  determines  which  compound  is  formed. 

At  low  pH  values  free  available  chlorine  exists  in  solution  largely  as 
hypochlorous  acid  (HOCl).  The  hypochlorite  ion  (()C1~)  predominates  at 
pH  above  7.5  and  at  jiH  above  9.5  free  available  chlorine  occurs  almost 
entirely  as  the  hypochlorite  ion. 

Chlorine  as  hypochlorous  acid  is  the  most  rapid  form  of  the  bactericide 
as  shown  by  the  work  of  Hudolph  and  Levine.^®  This  study,  using  B. 
metiens  spores,  indicated  that  25  ppm.  of  available  chlorine  at  pH  G.O 
was  effective  in  2|  minutes  at  20°C.  Init  required  35|  minutes  at  pH  9.4. 
A  similar  concentration  of  chlorine  at  pH  10  was  effective  in  8  minutes 
at  50°C.  but  reipiired  135  minutes  at  20°C. 

Ihe  destruction  of  bacteria  by  chlorine  is  a  complicated  process  in¬ 
cluding  oxidation  of  the  cell  contents  and  direct  combination  with  the 
protein,  causing  precipitation  of  albumens.  Direct  reaction  is  usually  by 
replacement  of  the  unsaturated  compounds  in  the  cell  structure  with 
chlorine.  A  secondary  oxidation  of  these  compouiifls  and  their  chlorine 
deiivatives  also  takes  place.  Formation  of  these  new  compounds  destroys 
enzymic  action  and,  subsequently,  life  in  the  cell. 

Pre.sence  of  any  organic  compound  will  decrease  the  liacteriocidal  effect 
of  chlorine.  Faber®  in  a  recent  review  has  stated: 


“.  .  .  The  intensity  with  which  any  oxidizing  agent  enters  into  chemical  reaction 
IS  measured  by  its  oxidation  potential  ....  When  chlorine  combines  with  other 
substances  its  oxidation  potential  is  reduced  or  may  be  completely  neutralized. 
C  ilorme  reacts  with  ammonia  to  form  chloramines  and  with  other  organic 
nitrogen  compounds  to  form  chloro-derivatives.  With  many  forms  of  organic 
matter,  particularly  the  hydrocarbons,  chlorine  addition  products  are  formed.’? 

HYPOCHLORITES 

sewage  in  England  as  early 

Pul.lie  He  H  A  recommended  l,y  a  committee  of  the  Amer. 

was  hr.  rdii;':: 

utS  h  t:':^iicr“  lo-;,::  ir- 

gaseous  clilorine  for  the  disinfection  of  <lrinking‘ "aler 
Houtme  d.s.nfection  of  a  water  supply  by  the  use  of  hypochlorites  was 
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initiated  in  1908  by  (leorge  A.  Johnson  at  the  Bubbly  Creek  filter  plant 
of  the  Union  Stock  Yards  Company  in  Chicago,  Ill.  The  Boonton  water 
supply  tor  Jersey  City,  N.  J.  was  the  first  municipal  supply  to  be  so  treated 
(1908).  Liquid  chlorine  was  developed  for  disinfection  of  water  supplies 
in  1912  and  by  the  use  of  modern  equipment  this  procedure  has  become 
standard  practice. 


Fig.  3.  Ilypochlorinator.  (Courtesy,  Wallace  and  Tiernan  Co.) 

Bleaching  powder,  chlorinated  lime,  is  an  oxychloride  decomposing  in 
water  into  calcium  hypochlorite  and  calcium  chloride: 


CaO  +  2C1  ^  CaOCL 

2Ca()Cl2  +  H2O  Ca(()Cl)2  +  CaCL  +  H2O 


These  hypochlorites  generally  have  from  25  to  35  percent  available  chloiine 
content  when  made,  but  in  the  presence  of  moisture  and  heat  this  is  iapidl,\ 
depleted.  Stabilized  calcium  hypochlorites— sold  under  such  trade  names 
as  IITH,  Pittchlor,  Penchlor,  etc.— which  vary  in  strength  from  50  to  70 
liercent  available  chlorine,  have  largely  replaced  the  less  stable  chlorinated 
lime  in  most  operations.  These  products  show  negligilde  loss  of  chlorine 
content  over  extended  periods  of  time  when  stored  in  tightly  closed  con¬ 
tainers  and  therefore  are  much  more  dependable  and  less  costly  sources  of 

chlorine. 
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Sodium  hypochlorite  solutions,  prepared  by  passing  chlorine  into  caustic 
soda  solutions  are  also  available,  dhey  may  have  an  available  chlorine 
content  of  as  high  as  17  percent  although  many  of  the  commercial  bleaches 
contain  only  3  to  5  percent. 


CHLORAMINES 


Although  known  chemically  for  many  years  the  various  compounds 
collectively  known  as  chloramines  were  not  recognized  as  disinfectants 
until  1916.  Dakin  and  Cohen®  determined  that  para-toluene-sodium- 
sulfochloramide  was  an  effective  bactericide,  did  not  combine  easily  with_ 
organic  matter,  released  available  chlorine  slowly  and  was  a  good  antiseptic 
for  wounds.  Compounds  containing  this  chlorine  radical  dissolved  in  weak 
alkaline  solutions  are  used  to  sanitize  utensils,  glassware,  dishes  and  food 
equipment.  The  slow  release  of  chlorine  restricts  its  use  to  conditions 
allowing  extended  contact  periods.  It  is  therefore  not  an  effective  germicide 
when  used  as  a  contact  rinse. 

The  slow  release  of  chlorine  led  to  the  use  of  chloramines  for  water 
disinfection.  Chloramine  treatment  has  the  advantage  of  providing  delayed 
sterilization  and  when  applied  to  the  filtered  water  gives  up  hypochlorous 
acid  so  slowly  that  the  available  oxygen  does  not  immediately  react  with 
organic  material.  Therefore,  the  formation  of  substitution  products  is 
prevented  and  a  residual  chlorine  sufficient  to  kill  bacteria  is  maintained. 
Chloramines  also  prevent  the  formation  of  objectionable  tastes  in  water 
supplies  sometimes  experienced  with  chlorine. 


Considerable  research  has  been  undertaken  to  explain  the  character¬ 
istics  and  disinfecting  action  of  these  chloramines.  It  has  been  established 
that  at  pH  values  avei-aging  7.0  mixtures  of  mono  and  dichloramines 
prevail.  Dichloramine  is  lost  in  direct  proportion  to  the  increase  in  pH 
value  and  at  9.5  only  monochloramine  will  be  found.  It  is  believed  that 
the  dichloramme  is  the  more  active  disinfecting  agent;  therefore,  fastest 
reaction  will  be  obtained  when  the  pH  is  below  7.0. 

Chloramines  are  not  as  effective  bactericides  as  free  available  clilorine 
Kesults  of  a  study  by  Butterfield  and  Wattie®  suggest  that; 


•imount  of.hr  exposure  of  the  bacteria  in  water  to  chloramine  and  the 

mils  resent  are  primary  factors  governing  the  rate  of  bacterial 

f  J  '^>th  the  same  period  of  exposure 

equired  about  25  times  as  much  chloramine  as  free  chlorine,  and  to  obtain  the 
same  kill  with  the  same  amounts  of  chlorine  and  chloramine  under  the  same  con- 
diPons  required  approximately  100  times  the  exposure  period  f  r  dilfrL 


In  solutions  having  lower  pH  values  than  4.4, 


nitrogen  chloride  is 
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formed.  This  compound  does  not  have  germicidal  properties.  The  chemical 
reactions  are: 

3HOC1  +  NHs  3H2O  +  NCI3 
2HOC1  +  NH3  ->  2H2O  +  NHCI2 
HOCl  +  NH3  H2O  +  NH2CI 

Since  the  pH  value  of  most  waters  is  between  4.4  and  8.5,  a  mixture  of 
mono-  and  dichloramines  is  generally  found  in  practice. 

The  Dakin  type  chloramine  solution  is  prepared  commercially  and  is 
obtainable  as  a  liquid.  Chloramine  formation  for  water  supplies,  sewage 
treatment,  swimming  pools,  etc.,  is  obtained  by  introducing  either  gaseous 
or  aqueous  solutions  of  ammonia  into  the  water  followed  immediately  by 
the  correct  amount  of  chlorine.  “Standard”  equipment  is  utilized  requiring 
a  minimum  of  skilled  attention. 


Application 


For  the  disinfection  of  water  supplies,  sewage,  industrial  wastes,  and 
swimming  pools,  chlorine  is  supplied  in  steel  cylinders  containing  100, 
150,  and  2,000  pounds.  The  gas  is  drawn  off  by  its  own  vapor  pressure 
or  by  suction  and  is  fed  into  the  liquid  being  disinfected.  With  modern 
equipment  designed  for  accurately  controlling  and  measuring  gaseous 
chlorine,  this  procedure  has  proved  to  be  the  most  generally  acceptable 
and  dependable  method  of  disinfection.  This  equipment  may  even  be 
made  automatic  in  operation  so  that  the  chlorine  dosage  varies  in  proportion 
to  variations  in  water  or  sewage  flow.  Such  equipment  is  complicated  and 
should  be  under  the  control  of  properly  trained  operators. 

Since  calcium  hypochlorite  and  chlorinated  lime  are  dry  powders,  solu¬ 
tions  must  be  made  before  the  chlorine  can  be  used  in  treating  water  or 
sewage  or  in  sanitizing  equipment,  dishes,  etc.  The  common  practice  is 
to  prepare  a  strong  solution  of  chlorine  and  allow  the  insoluble  mateiials 
to  settle.  The  clear  liquid  is  decanted  or  siphoned  off  and  diluted  to  give 
a  solution  of  1  to  5  percent,  as  desired.  Solutions  of  the  high  test  hypo¬ 
chlorites  can  be  made  directly  to  give  stock  solutions  of  1  to  l.o  peiceiit 


chlorine 

Since  solutions  of  chlorine  are  highly  corrosive,  earthenware  crocks, 
rubber-lined  tanks,  or  glass  jars  should  be  used  for  storage.  Wooden  barrels 
can  be  used  but  the  chlorine  will  attack  the  wood.  Glass,  and  hard  rub¬ 


ber,  are  satisfactory  materials  for  feed  lines. 

Sodium  hypochlorite  is  usually  obtained  in  aqueous  solutions  and  can 

be  used  immediately  as  received. 

BROMINE 


Uromine  is  finding  limited  hut  increasing  acceptance  in  the  treatment 
of  swimming  pool  waters. 
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Advantages  of  the  Halogens 

(’hloriiie  possesses  certain  advantages  in  pul)lic  health  work.  It  is  gen¬ 
erally  available  in  one  form  or  another  and  its  action  can  be  i)redict(‘d 
with  accuracy.  Its  chief  advantages  exist  in  the  easy  means  of  determining 
the  concentration  in  water.  In  water  work,  particulai’ly  in  emergency 
situations,  chlorine  has  the  great  advantage  of  remaining  an  effective 
bactericide  for  an  extended  jieriod  of  time  after  addition  to  the  water. 
Neither  ozone  nor  ultraviolet  radiation  possesses  this  virtue.  Under  crude 
conditions  when  contamination  of  di'inking  water  in  containers  or  tanks 


tn;.  4.  Sterilizer.  (Courtesy,  Wilmont  Castle  (to.) 


cannot  be  avoided,  an  effective  I'csidual  chlorine 
tamed,  assuring  safety  of  the  water  at  all  times. 


content 


can 


be  main- 


with  K  ”  •  •'''■<  I  IS  attaiiioil  under  itleal  (•(inditions  at  sea  level 

With  lo  pounds  m  a  steam  iiressure  sterilizer.”'? 

Heat  is  the  basic  protection  foi’  sur‘j)fM'\r  ii  .  i  i 
^■egetated  pallingens  die  in  21  mi.’intes  ''tt 'i-lil  8°1.’ '  n,' 
longer  than  5  .ninntes.  When  nn.ist  steam  t'^anplHtt'lilN  V  su  A'''  " 
'Vitlmnt  tur  poekcts,  the  nsnal  sterilisation  of  lo  ponnt  s  f  I  .b, 
adequate.  Dry  air  is  less  effeetive  than  moist  heat  and  used  Tly ‘who" 
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steam  under  pressure  is  impractical.  Exposure  for  GO  minutes  at  320°F. 
gives  comparalile  sterilization  to  the  steam  procedure  noted  above. 

IModern  canning  has  resulted  from  the  experiments  of  Appert  in  1804^ 
who  noted  that  food  heated  to  definite  temperatures  did  not  spoil  when 
kept  in  sealed  containers.  Commercial  canning  was  begun  in  America  in 
1821  but  not  until  1800,  after  Pasteur  had  demonstrated  the  killing  of 
bacteria  by  heat,  were  the  principles  of  sterilization  understood.  The 
application  of  these  principles  placed  this  industry  on  a  scientific  basis. 

Some  foods,  particularly  those  having  acidic  characteristics,  permit  a 
wide  range  of  heat  control;  with  others  this  range  is  narrowed  to  avoid 
sacrifice  of  flavor  and  color.  Neutral  or  alkaline  foods  are  harder  to  heat 
sterilize  than  acidic  types.  The  rate  of  heat  penetration  through  a  can  of 
food  is  a  function  of  time,  temperature  and  food  characteristics.  Each 
substance  has  a  more  or  less  typical  heat  penetration  cuiA^e. 


PASTEURIZATION 

As  defined  by  the  “Standard  Milk  Ordinance”  pasteurization  is  the 
heating  of  every  particle  of  milk  to  at  least  143°F.  and  holding  at  such 
temperature  for  at  least  30  minutes  or  to  at  least  161°F.  and  holding  at 
such  temperature  for  at  least  15  seconds  in  approved  and  properly  operated 
ecjuipment.^^  This  latter  methofl  of  pasteurization  is  known  as  “high 
temperature  short  time”  (HTST). 

Careful  tests  in  laboratory  and  commercial  milk  plants,  confirmed  by 
over  20  years  experience,  have  shown  that  the  heating  of  milk  to  tem¬ 
perature  of  142°F.  for  30  minutes  makes  it  safe  from  pathogens.  The 
mechanical  difficulty  of  designing,  building,  and  operating  pasteurization 
ecpiipment  with  assurance  that  every  drop  of  milk  will  be  heated  to  the 
full  temperature  of  142°F.  has  led  to  the  general  adoption  of  143  F.  as  the 
recpiired  temperature.  Since  the  effect  of  heat  is  dependent  upon  the 
temperature  and  time,  higher  temperatures  can  be  used  for  shorter  periods 
of  time.  The  “flash”  pasteurizing  temperature,  1G1°F.  for  15  seconds,  is 
based  on  this  relationship. 

'  Fasteurization  means  that  the  li(iuid  has  been  heated  to  sufficient 
temperature  for  sufficient  time  to  kill  all  pathogens.  Ihis  does  notiu’oduce 
sterility.  For  example,  milk  contains  many  organisms  which  vary  in  their 
thermal  resistance  together  with  spores  that  are  difficult  to  kill.  The 
tubercle  bacillus  which  is  the  most  heat  resistant  of  the  pathogens  found 
in  food,  is  killed  by  exposure  to  a  temperature  of  14()°F.  for  20  minutes. 
For  this  reason  the  tubercle  bacillus  is  used  as  the  test  organism  in  deter¬ 
mining  pasteurization  efficiency.  There  are  many  harmless  organisms  in 
foods  which  are  not  killed  by  jiasteiirization.  It  is  desirable  that  lactic 
acid  producing  bacteria  remain  alive  since  their  reproduction  and  growt  i. 
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and  subsequent  souring  of  the  food,  prevents  the  growth  of  more  objection¬ 
able  putrifying  organisms. 

Pasteurization  of  a  liquid  containing  high  l)acterial  counts  should  produce 
a  large  reduction  in  the  number  of  bactei'ia.  If  this  does  not  occur,  the 
product  is  probably  contaminated  with  a  heat  resistant  organism,  or  the 
process  is  at  fault.  Heat  resistant  organisms  are  classihed  as  “thermophiles” 
if  they  grow  and  reproduce  under  normal  pasteui'izing  conditions. 
“Thermoduric”  organisms  are  not  killed  by  jmsteurization  but  their  growth 
and  reproduction  is  retarded. 

I'se  of  pasteurization  for  wine  and  beer  is  increasing  in  importance  for 
the  purpose  of  reducing  bacteria,  yeasts,  and  molds.  Temperatures  between 
]15°F.  and  130°F.  with  a  10  minute  holding  period  are  adecpiate;  a  clear 
liquid  without  noticeable  change  in  flavor  residts. 

UTENSIL  SANITATION 

Hot  water  used  to  sanitize  dishes,  glasses,  cooking  utensils,  and  other 
food  equipment  is  effective  under  controlled  conditions.  Initially,  the  uten¬ 
sils  should  be  scraped  free  of  large  food  ]jarticles  and  then  cleaned  with 
a  good  detergent  in  hot  water  between  120°F.  and  140°F.  Rinsing  of 
the  clean  articles  with  clean  hot  water  at  170°F.  for  not  less  than  1  minute 
is  bactericidal.  Ihis  procedure  does  not  produce  sterilization  but  pathogens 
are  killed  and  the  utensils  made  safe  for  use. 


QUATERNARY  AMMONIUM  COMPOUNDS 

In  1916  Jacobs,  Heidilberger  and  others  of  the  Rockefeller  Institute 
observed  and  reported  on  the  bactericidal  properties  of  the  quaternary 
ammonium  salts  of  hexamethylenetetramine.  Nothing  came  of  this  work 
until  1935  when  Domagk  called  attention  to  the  fact  that  these  compounds 
were  both  germicides  and  antiseptics.®  From  then  on  the  knowledge  of 
these  new  compounds  has  grown  considerably.  Several  characteristics 
make  the  (piaternary  ammonium  compounds  particularly  attractive  for 
sanitation  procedures.  In  recommended  dilutions  thev  are  highly  soluble 
and  they  are  tasteless  ami  enlorless.  They  haee  h,w  toxieity  anti  do  noi 
toiiote  me  as  or  rubber  more  than  does  ordinary  tap  water,  d’hey  are 
suilaee  active  (leterKents,  and  wetting  agents,  although  the  wetting  prop¬ 
erties  are  much  better  than  the  tletergent  activities.  They  are  gleX 
P  aced  in  the  'cationic  tletergent”  group.  .Uiother  tlistinc^.  atlvimtage 
he  t,ua  ernaries  that  make  them  gootl  for  sanitizing  ope.-  it,: 

:  thl  W  t  T  "  "ith  their  action  from  organic  matted 
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ettect  on  tliem.  \\  hen  used  with  an  anionic  detergent  (soap)  they  are 
tound  to  1)6  incompatible.  IX'Iineral  acids  in  solution  will  cause  precipitations 
with  the  quaternary  ammonium  products.  Calcium  and  magnesium  hard¬ 
ness  reduces  their  effectiveness  greatly.  The  amount  of  the  different  com¬ 
pounds  necessary  to  produce  a  100  percent  kill  of  E.  Coli  in  1  minute  was 
obseiA-ed  with  three  different  waters.^^  results  were  as  follows: 


Compound 

Designation 

ppm.  required  to  produce  100%  kill  of  Esch.  coli 
in  1  min.  when  compound  was  dissolved  in 

Pure  Water  O' 

ppm.  Recom¬ 
mended  for  Use 
by  Producer 

A 

20  100 

250 

234 

B 

10  70 

220 

190 

C* 

5  500 

3200 

78 

*  Compound  C  differs  from  B  in  that  a  good  detergent  has  been  addetl  to  C. 
**  Approximately  154  ppm.  hardness  by  soap  hardness  test. 

***  Estimated  as  a  445  ppm.  hardness. 


Evidently  in  pure  water  the  detergent  enhances  the  bactericidal  efficiency 
of  the  active  agent  and  in  good  tap  waters  the  combination  of  detergent 
and  interfering  substances  practically  destroys  all  bactericidal  action. 

Further  investigation  has  shown  that  the  addition  of  small  amounts 
of  alkaline  detergents  or  sequestering  agents  will  enhance  the  germicidal 
action  when  otherwise  the  presence  of  calcium  or  magnesium  salts  might 
have  reduced  the  effectiveness  markedly. 


The  cpiaternary  ammonium  compounds  have  been  used  extensively  in 
restaurant,  dairy  and  food  canning  operations.  Other  uses  of  the  various 
compounds  are  of  interest  to  public  health  people.  It  has  been  found 
that  the  quaternary  ammonium  compounds  prevent  the  production  of 
ammonia  from  uiinary  urea  and  so  are  beneficial  as  a  rinse  for  diapers  to 
prevent  diaper  rash.  The  New  York  City  Department  of  Health  has 
approved  such  use.  They  have  shown  promise  as  an  agent  to  be  used  in 
wasliing  swimming  suits  at  commercial  pools  where  public  health  recpiire- 
ments  call  for  bactericidal  treatment  of  the  suits. 

Lawrence®  lists  80  different  trade  names  under  which  the  (quaternary 
ammonium  compounds  are  sold.  He  lists  30  different  chemical  compounds 
as  being  used.  Before  approval  is  extended  for  the  use  of  any  specific 
detergent  of  this  class,  its  effectiveness  in  the  water  in  which  it  will  be 
used  should  be  demonstrated  and  the  reejuired  concentration  determined. 


The  value  of  each  detergent  must  be  determined. 

Colorimetric  tests  for  determining  tlie  concentration  in  any  rinse  solution 
have  been  develojied.  Convenient  test  papers  are  also  available. 


PHENOL  AND  CRESOLS 


Phenol  has  been  used  as  a  general  disinfectant  for  many  years.  However, 
emulsions  of  ortho,  meta  and  para  cresols  having  soap  or  alkali  as  the 
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base  are  now  extensively  utilized  to  sanitize  toilets,  barn  yards,  and  sirnilai 

Well  saponified  eresols  give  a  clear  solution  ui)on  dilution  with  water 
and  have  a  bactericidal  efficiency  comparable  to  iihenol.  They  are  stable 
compounds,  very  effective  against  vegetative  cells  but  only  moderately 
so  against  spores,  d  hey  are  not  inhibited  by  organic  mattei  and  theii 
soapy  characteristics  make  them  useful  in  cleaning.  Tlieir  odor  has  psycho¬ 
logical  value  in  this  respect  giving  a  sense  of  cleanliness  not  attainetl  by 
other  soaps. 


Fig.  5.  Ozone  generator,  Belmont  Water  Purification  Plant,  Iffiiladelphia  Pa. 
(Courtesy,  The  Welsbacli  Coi  ■poration.) 


8^ 


OZONE 


( )zone  IS  an  active  oxidizing  agent  having  t  he  chemical  formula  of  ( >3.  Jt  is 
not  an  article  ol  commerce  but  is  generated  by  {lassing  cleaned,  dried  air 
between  electrodes  cimnected  by  a  high  tension  electric  circuit.  The  silent 
e  ectric  discharge  taking  place  in  the  air  converts  a  fraction,  usually  about 
one  halt  percent  ot  the  oxygen  present  into  ozone.  The  generation  plant 
IS  elaborate,  costly,  and  reipiiics  skilled  oiieration. 

Ozo„<.  i.s  U„  unslul.lo  Kas  uitli  each  m„lcnil,.  l.roakinR  ,l,nvn  U,  lil.crak. 
c  a  lorn  of  „as,.e„t  oxyRon.  Immodiatoly  aflyr  genoration  if  is  ,lisporso,l 
into  the  an-  or  water  under  treatment.  In  snllieient  eom-ent  rat  ions  it  is  an 
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effective  i)acterieide  hut  the  gas  must  come  in  direct  contact  witii  the 
organisms  to  destroy  them.  It  is  toxic.  Fish  are  killed  when  a  heavy  dosage 
IS  present  m  water  and  highly  ozonated  air  is  deleterious  to  animals  when 
breathed  for  considerable  periods. 

Some  effort  has  been  made  to  use  ozone  generators  to  purify  air  in 
buildings.  Concentrations  usually  are  insufficient  to  destroy  the  bacteria 
in  the  air  or  he  toxic  to  persons  breathing  it.  Atmospheric  odors  are  oxidized 
giving  a  clean  fresh  odor  to  the  room. 

Ozone  has  found  limited  use  in  Europe  and  in  the  United  States  for  the 
disinfection  of  water  and  tor  taste  control.  With  this  disinfectant  the 
water  must  be  tree  ot  turbidity  and  a  residual  concentration  of  ozone 
must  be  maintained  for  10  minutes.  Contact  time  will  vary  with  the 
temperature,  warmer  water  requiring  longer  contact  time. 


ULTRAVIOLET  RADIATION 

Eacterial  action  of  sunlight  is  due  to  the  emission  of  ultraviolet  rays 
shorter  than  3100  A.  These  rays  are  subsequently  alisorbed  by  the  proto¬ 
plasm  of  the  cell  producing  death  by  oxidation  of  the  enzymes.  In  rural 
areas  with  high  temiieratures,  sunlight  is  an  effective  germicide. 

The  chemical  action  of  ultraviolet  light  depends  upon  the  intensity  and 
length  of  the  wave.  The  source  of  the  light  waves  has  no  influence  upon 
their  action  and  artificial  light  producing  rays  of  the  same  length  and 
intensity  is  as  effective  as  sunlight.  The  advantage  of  artificially  produced 
ultraviolet  light  is  that  the  intensity  and  length  of  the  wave  may  be  con¬ 
stantly  maintained  with  consequent  controlled  bactericidal  action.  The 
recent  development  of  an  economical  mercury  vapor  lamp  gi\’ing  emissions 

o 

of  2537  A  and  having  an  average  life  of  4,000  hours  has  increased  the 
potential  use  of  ultraviolet  radiation. 

Bactericidal  action  is  limited  to  surfaces  exposed  to  the  rays  since  the 
disinfecting  reaction  is  photo-chemical  with  destruction  of  the  enzyme. 
Opaque  fluids  cannot  be  disinfected  by  this  process  since  penetration  is 
impossible.  A  radiation  of  2537  A  is  the  most  efficient  but  waves  between 
2540  A  and  2800  A  arc  bactericidal. 

Idtraviolet  radiation  is  used  commercially  to  destroy  bacteria,  yeasts, 
and  molds  in  sugar,  meat,  and  bakery  products.  Hospital  and  operating- 
rooms  are  occasionally  exposed  to  treatment  to  reduce  the  number  of 
organisms  present  in  the  air.®  Much  work  has  been  done  to  determine  the 
value  of  ultraviolet  radiation  in  the  i-eduction  of  pathogenic  organisms  in 
the  air  of  general  living  and  working  rooms.  Some  recent  work  indicates 
beneficial  results  in  the  reduction  of  some  communicable  diseases  in  school 
rooms.  Most  authorities  do  not  accept  the  value  of  general  air  sterilization 
by  use  of  ultraviolet  irradiation. 
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(Jram  negative  noii-sponilating  rods  are  readily  destroyed  by  ultraviolet 
rays.  Staphylococcus  aureus  and  Streptococcus  pyogenes  are  resistant,  and 


spore  formers  are  even  more  resistant. 

This  disinfection  jirocedure  has  a  practical  application  to  vatei  pin  idea¬ 
tion  when  economic  considerations  are  unimportant.  C  lear  coloiless  evatei 


is  passed  between  a  battery  of  lamps  emitting  rays  of  2o00  to  2000  A.  Pene¬ 
tration  of  these  rays  is  effective  for  92  percent  ot  emission  with  a  3  inch 
depth  of  distilled  water  and  for  5  percent  with  a  24  inch  depth.  1  his  proce- 


tiG.  6.  Ultra  violet  irradiation  of  air  and  surface  of  processed  fruit  in  vats  to 
prevent  fermentation  of  j^east  and  mold  scum.  (Courtesy,  Ceneral  Electric  Co.) 


dure  IS  used  in  a  few  manufacturing  establishments  and  swimming  pool 
installations.  The  use  of  ultraviolet  radiation  for  treatment  of  eating 
utensils,  once  popular  in  some  communities,  is  now  seldom  found,  because 
ol  the  practical  difficulties  in  its  use.  ^ 


OLIGODYNAMIC  SILVER 

It  U-Iis  iiotod  l>y  Naegcii  in  1893  that  silver  in  high  dilution,  O.lll  ppm 
possessed  l.aeteriei.lal  properties.  Copper  was  also  found  to  he  effective 

n.  diluttons  of  77  ppm.  The  haeleri,.idal  action  is  caused  by  tl.e  ionization 

Ot  these  metals. 

In  this  disinfection  nretlnst,  using  silver,  water  is  passe<i  between  elec- 
ttically  charge.!  silver  jilates  witli  dispersion  of  the  sltver  ions  into  it. 
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Dosaso  of  0.1  ppm.  have  been  utilized  for  treating  swimming  pool  waters. 
Ilifjjher  dosage  will  create  an  opalescence  caused  by  the  formation  of 
colloidal  silver  chloride.  Economically,  the  method  is  not  practical  for  the 
treatment  of  water  su{)i)lies. 
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Chapter  III 

THE  SANITARY  SURVEY 


A  sanitary  survey  is  an  analysis  of  the  physical  environment  having  an 
influence  on  the  public  health  of  a  community.  Its  purpose  is  to  indicate 
problems  and  so  permit  the  development  of  the  most  i^ractical  procedures 
by  which  the  health  of  the  inhabitants  may  be  improved  and  e.xisting 
diseases  controlled  and  eliminated  through  manipulation  of  the  environ¬ 


ment. 

The  initial  step  in  conducting  the  survey  is  the  development  of  a  working 
plan  and  determination  of  sources  for  needed  information.  The  plan  must 
be  carefully  thought  out.  Information  will  be  obtained  from  local  govern¬ 
mental  authorities  and  civic  agencies  through  personal  conferences;  letters 
and  questionnaires  seldom  bring  the  information  needed.  Personal  inspec¬ 
tions  must  supplement  the  information  obtained  from  these  sources.  The 
data  collected  must  conform  to  the  object  of  the  survey  and  extraneous 
information  must  be  discarded.  Careful  preliminary  planning  will  make 
the  actual  survey  easier. 

The  survey  must  be  under  the  direction  of  a  person  of  broad  training 
and  experience.  A  sanitary  engineer  with  a  knowledge  of  the  community 
and  of  epidemiological  problems  and  the  ability  to  soh’e  them  should 
direct  the  work.  The  necessary  personnel  can  often  be  secured  from  the 
State  Department  of  Health  if  a  real  need  for  the  survey  can  be  shown. 
Outside  consulting  engineers  are  frequently  employed  to  conduct  the 
entire  study  or  parts  of  it. 


Publicity  is  an  important  factor.  When  properly  utilized  it  is  an  asset 
but  if  it  is  allowed  to  degenerate  into  ‘‘scare  headlines”  and  biased  reports, 
as  information  becomes  available,  it  is  worse  than  useless.  The  cooperation 
of  civic  organizations  must  be  obtained  for  its  moral  value  and  also  as  an 
aid  in  obtaining  the  needed  supply  of  manpower  reciuired  for  conducting 
those  portions  of  the  survey  non-iirofessional  persons  can  do.  An  advisory 
committee  of  civic  leaders  is  valuable  since  it  can  be  kept  informed  con¬ 
cerning  conditions  in  localized  areas  and  so  serve  as  the  force  demanding 
correction  of  conditions  found  and  furtherance  of  the  health  department 
prop-am.  Members  should  be  selected  with  care,  on  the  basis  of  their  ac¬ 
ceptance  of  the  health  department  goals  and  their  influence  as  citizens 


GENERAL  INFORMATION  TO  BE  OBTAINED 

The  community  shoul.1  i,e  classihed  as  to  its  geographic  ami  climatologi- 
enviionments.  Ihese  are  of  particular  importance  for  the  evaluation  of 
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and  comparison  with  conditions  in  other  localities  having  similar  physical 
chaiacteiistics.  Climate  and  rainfall  have  a  decided  influence  on  the 
activities  and  occupations  of  the  people  and  should  be  noted.  The  popula¬ 
tion  as  shov  n  by  the  latest  census  including  information  on  racial  groups 
and  educational  levels  should  be  recorded.  Both  are  important  factors 
in  the  economic  life  and  have  an  influence  on  a  health  program.  Concentra¬ 
tion  of  the  population  in  limited  areas  should  be  noted.  These  data  will 
determine  the  need  for  water  supply,  sewage  disposal,  refuse  removal, 
etc.  They  will  also  indicate  to  some  extent  possible  foci  for  certain  types  of 
epidemics.  If  the  community  is  expanding  into  an  adjacent  newly  developed 
urban  territory  with  population  decline  in  older  sections,  development  of 
blighted  areas  may  be  indicated.  The  unfavorable  economic  condition  of 
such  sections  always  react  adversely  on  tax  resources  and  on  the  operation 
of  good  health  programs.  The  survey  should  uncover  population  shifts  of 
importance. 

The  types  of  industry  comprising  the  bulk  of  business  life  should  be 
surveyed.  These  have  a  very  important  bearing  upon  the  economic  life. 
Occupational  hazards  peculiar  to  dominant  industrial  or  commercial  in¬ 
terests  should  be  cited. 

The  morbidity  and  mortality  rates  indicate  the  most  important  diseases 
present  and  show  the  need  for  sanitation  improvement.  They  are  a  basic 
factor  of  the  survey.  Coupled  with  population  density  in  given  sections, 
these  data  will  show  sources  of  infection  and  potentially  dangerous  areas. 

WATER  SUPPLY 

The  adequacy  of  the  source,  purification  processes  and  storage  of  treated 
water  must  be  evaluated  under  maximum  and  average  consumption.  The 
extent  to  which  the  community  is  supplied  by  the  public  system  and 
probable  expansion  of  it  are  vital  factors  to  be  noted.  The  per  capita 
consumption  over  a  period  of  years  should  be  studied  in  relation  to  future 
water  requirements  and  potential  sources  of  supply. 

The  efficiency  of  the  purification  process  and  a  review  of  operating  records 
to  determine  whether  or  not  the  supply  meets  public  health  standaids  is 
important  as  a  guard  against  outbreaks  of  water-borne  diseases.  The  use 
of  bottled  waters  or  private  water  supplies  for  drinking  purposes  should  be 
determined.  The  pollutional  hazards  of  private  supplies  should  be  investi¬ 
gated  and  the  cross  connection  program  evaluated. 

The  ability  and  administrative  efficiency  of  the  department  personnel 
is  an  important  factor,  as  is  the  influence  of  political  control  or  merit 
system  if  the  water  system  is  municipally  owned  and  operated.  Ihis  vi 
apply  to  all  other  departments  surveyed. 
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SEWAGE  DISPOSAL 

Unsewered  areas  and  the  type  of  sewerage  system  and  effect  upon  it  of 
rainfall  should  be  noted.  A  tabulation  of  the  capacity  of  interceptors,  trunk 
and  outfall  sewers  should  be  made  and  noted  in  relation  to  the  population 
density  for  the  section  served  by  each.  These  data  can  be  obtained  from 
maps  of  the  sewerage  system.  An  accurate  map  of  the  sewerage  system 
should  be  available. 

The  volume  of  industrial  waste  discharged  into  the  sewers  and  its  effect 
upon  the  treatment  process  must  be  considered  Avhen  reviewing  the  opera¬ 
tion  and  adequacy  of  the  treatment  works.  These  wastes  will  also  directly 
influence  the  type  of  treatment  that  may  be  employed.  The  pollutional 
hazard  introduced  into  the  diluting  watercourse  should  be  evaluated  and, 
if  serious,  installation  of  proper  treatment  facilities  recommended.  The 
per  capita  load  should  be  computed  to  determine  if  the  treatment  works  are 
overloaded  or  capable  of  handling  increased  loads. 

Expansion  plans  should  be  reviewed  to  determine  if  the  diluting  water¬ 
course  is  capable  of  assimilating  an  increased  load  with  the  existing 
treatment  process  or  by  change  in  procedure.  Community  growth  may  be 
permanently  curtailed  by  inadequate  facilities  for  the  future  disposal  of 
sewage. 

The  number  and  condition  of  privies,  cesspools  and  septic  tanks  in 
unsewered  areas  should  be  recorded  and  necessary  corrective  action  sug¬ 
gested.  Particular  attention  should  be  paid  to  the  possible  pollution  of 
water  supplies  from  the  private  sewerage  systems. 


REFUSE  DISPOSAL 

Collection  practice  and  cost  per  capita  should  be  noted.  Complaints  of 
poor  service  must  be  carefully  evaluated  to  determine  the  adequacy  of  the 
collection  system.  The  sanitary  conditions  of  final  disposal  should  be 
investigated  to  determine  whether  or  not  the  best  procedures  are  utilized. 
Adequacy  of  health  department  supervision  should  be  noted. 

Uncontrolled  dumps  and  hog  feeding  frequently  give  rise  to  serious 
sanitary  hazards.  Special  attention  should  be  given  to  this  type  of  disposal. 


MILK  SUPPLY 

Survey  of  the  distribution  program  will  include  pasteurization  and  farm 
inspection  The  survey  will  disclose  any  variance  from  the  provisions  of 
e  Standard  Milk  Ordinance”  or  its  eciuivalent.  “Spot”  inspections  of 
lay  and  pasteurizing  plants,  and  farms  shotild  he  made  for  assurance 
hat  equipment,  methods  of  operation  and  conditions  are  sanitary  and 
satisfactory.  Marketing  of  milk  from  tuberculin  tested  herds  Id  he 
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handling  of  raw  milk  by  farmers  should  be  investigated.  The  survey  should 
include  an  investigation  of  the  production  and  distribution  of  ice  cream, 
cheese  and  butter  processing  establishments. 

RESTAURANTS  AND  FOOD  ESTABLISHMENTS 

The  efficiency  of  restaurant  inspections  and  conformity  to  standard 
codes  must  be  evaluated.  Operating  methods,  cleanliness  and  adequacy 
of  equipment  are  the  principal  features  to  be  investigated.  The  number  of 
safe  and  insanitary  establishments  must  be  determined.  The  physical 
examination  of  food  handlers  is  unimportant  as  a  routine  procedure  but 
should  be  used  upon  employment  to  detect  sick  persons  and  carriers. 
Methods  of  food  handler  training  by  official  agencies  and  by  industry 
should  be  noted. 

PUBLIC  BUILDINGS 

Enactment  of  a  modern  building  code  is  one  of  the  objects  of  the  sanitary 
survey.  Where  a  code  is  in  force  that  portion  concerning  sanitation  should 
be  reviewed  and  its  enforcement  evaluated.  The  survey  will  disclose  the 
type  of  ventilation  practiced  in  schools  and  other  public  buildings,  to¬ 
gether  with  the  adequacy  of  toilets  and  washrooms.  The  lighting  of  public 
buildings  and  maintenance  in  a  clean  and  sanitary  condition  should  be 
noted. 

Slum  clearance  and  sub-standard  housing  problems  should  be  sur\^eyed  on 
a  broad  scope  in  relation  to  population  density  and  transportation  facilities 
together  with  the  adequacy  of  other  public  utilities. 

SWIMMING  POOLS 

The  number  and  operating  efficiency  of  community  swimming  pools  as 
well  as  retention  of  needed  records  of  operation  are  important  factors. 
Pools  conforming  to  standard  regulations  should  be  determined  and  reme¬ 
dial  action  suggested  to  eliminate  insanitary  ones.  Notation  should  be 
made  describing  the  equipment  and  ability  of  operating  personnel.  The 
numbers  of  people  using  each  pool  should  be  recorded. 

INSECT  AND  RODENT  CONTROL 

The  prevalence  of  insects  and  rodents  should  be  recorded  and  the  physical 
conditions  conducive  to  their  breeding  surveyed  and  suggestion  made  for 
an  eradication  program.  Prevalence  can  be  determined  by  personal  observa¬ 
tion,  official  reports  or  observations  of  citizens  of  the  community. 

HEALTH  DEPARTMENT 

The  health  department  is  the  established  agency  to  iirotect  and  promote 
the  public  health.  In  its  organization  and  civic  contacts  sliould  be  found 
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the  required  personnel  to  accomplish  its  objectives.  The  sanitation  program 
must  be  carefully  considered  as  to  needs  and  the  efficiency  of  operation 
evaluated.  The  cost  per  capita  and  distribution  of  these  funds  between  the 
various  sections  of  the  health  department  must  be  determined.  The  laws 
which  empower  the  department  to  act  should  be  reviewed  and  if  found 
inadequate  recommendations  for  improvement  made. 

Responsibility  of  the  local  health  department  to  either  state  or  county 
control  should  be  noted  since  dual  responsibility  has  a  tendency  to  create 
laxity  in  administration. 


GOVERNMENT 

The  type  of  local  government,  whether  city  manager  or  mayor  and 
council  should  be  reported.  The  use  of  merit  system  for  employee  procure¬ 
ment  and  control  and  interference  by  politicians  in  administrative  actions 
should  be  noted.  The  allotment  of  funds  from  municipal  sources  should  be 
compared  with  that  of  similar  communities.  The  utilization  of  financial 
assistance  from  state  and  federal  sources  should  be  evaluated. 


THE  REPORT 

The  report  must  be  concise  but  supplemented  by  comprehensive  data  in 
the  form  of  tables,  charts  and  maps.  Recommendations  for  remedial  action 
must  be  included  for  all  objectionable  features  noted. 

Capitalize  immediately  on  public  interest.  Civic  organizations  are  an 
important  factor  in  disseminating  the  facts  learned.  Public  interest  must 
be  maintained  until  all  remedial  action  has  been  accomplished. 

The  forms  developed  by  a  committee  of  the  American  Public  Health 
Association  are  an  excellent  guide  for  recording  information.® 
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Chapter  IV 

FOOD  SANITATION  AND  PUBLIC  HEALTH 


1  he  object  ot  the  regulatory  control  by  the  health  department  of  the 
food  supply  ot  a  community  is  primarily  to  prevent  illness,  and  possibly 
death,  trom  spoiled  or  contaminated  foods,  bacterial  contamination  or 
spoilage  may  occur  at  the  source  of  production,  during  transportation 
in  storage,  or  during  manufacturing  processes.  The  health  department 
attempts  to  prevent  exploitation  of  the  public  through  the  sale  of  inferior, 
misbranded  foods.  It  is  also  interested  in  protecting  the  public  against 
foods  that  may  have  harmful  diluents  or  substitution  products  in  them. 

I  he  obligation  to  produce  safe  foods  rests  upon  the  producer,  processor 
or  manufacturer.  Kegulatory  control  is  the  responsibility  of  health  depart¬ 
ments,  particularly  the  local  health  agency.  The  Food  and  Drug  Adminis¬ 
tration  of  the  Federal  Security  Agency  has  responsibility  for  the  control  of 
foods  in  interstate  commerce  under  the  Federal  Food,  Drug,  and  Cosmetic 
Act  of  1938.  In  many  states  the  department  of  agriculture  has  certain 


responsibilities;  other  state  agencies  may  also  have  special  roles. 

I  he  majority  ot  illnesses  caused  by  the  ingestion  of  spoiled  or  con¬ 
taminated  foods  are  not  reported  or  officially  noted.  This  is  due  partly  to 
the  absence  of  state  laws  i-eriuiring  i-eporting  and  partly  to  the  fact  that 


medical  attention  is  obtained  only  in  the  more  serious  cases  or  outbreaks. 
It  is  therefore  difficult  to  estimate  the  incidence  of  such  illnesses.  The 
magnitude  of  the  problem  of  control  can  be  inferred  from  the  fact  that 
there  ai’e  1  (>0,000  restaurants,  cafeterias,  lunchrooms,  and  soft  drink  and 
ice  cream  stands;  more  than  80,000  drinking  places  that  ser\T  meals;  50,000 
taverns,  bars,  and  clubs  that  do  not  serve  meals;  and  40,000  drug  stores 
and  soda  fountains  in  the  Xhiited  States.*  In  addition  to  these  places 
serving  food  directly  to  the  public  there  are  many  others  preparing  foods 
on  a  large  commercial  scale. 

A  common  misconception  has  been  the  ptomaine  poisoning  idea  that 
certain  foods  on  spoiling  produced  specific  poisons  or  ptomaines.  This 
concept  ignored  bacterial  action  and  considered  spoilage  a  noi'mal  phe¬ 


nomenon  peculiar  to  all  foods.  It  is  known  now  that  this  concept  was  faulty 
and  that  food  poisonings  are  caused  by  one  of  three  different  general 
contaminants: 

J .  The  salmonella  infections.  Illness  is  caused  by  the  introduction  of  these 
living  organisms  into  the  body  whei’e  they  establish  a  definite  intection. 
There  is  usually  a  12  to  24  or  3(5  hour  inteiA’al  between  eating  the  in¬ 
fected  foods  and  the  symptoms  of  illness.  The  source  ot  the  original  inlec- 
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tion  in  the  food  is  usually  from  the  discharges  of  a  food  han(  ler  oi  the 
excreta  of  rodents.  There  is  circumstantial  evidence  that  implicates  the 
cockroach  as  a  mechanical  carrier  of  infection.  *S.  cntentidis,  S.  acrtryckc, 
and  S.  simpcstifer  are  memliers  of  the  Salmonella  group.  If  these  organ¬ 
isms  in  food  are  killed  by  heating  there  is  no  danger  of  infection. 

2.  Toxins  produced  in  the  normal  multiplication  and  growth  of  certain 
organisms  in  food.  Staphylococci  from  infected  cuts  and  other  hemolytic 
cocci,  in  certain  foods  will  produce  enterotoxin  types  of  poisons  to  which 
man  is  highly  susceptilile.  The  interval  between  eating  the  infected  food 
and  the  first  symptoms  is  2  to  (>  hours.  This  is  not  a  true  infection  in  man 
but  represents  the  effects  of  toxins  produced  by  organisms  that  noimally 
are  not  pathogenic  in  the  human  intestinal  tract.  Heating  will  kill  the 
responsible  organisms  but  will  not  destroy  the  toxins  already  foimed. 
Cream  hlled  pastries,  salads,  and  meat  iiroducts  are  common  classes  of 
foods  involved. 

3.  Botulism.  Although  this  “infection”  is  typical  of  the  group  above, 
it  has  an  importance  of  its  own.  Like  the  staphylococcus  toxin  food  poison¬ 
ings,  botulism  is  caused  by  the  toxin  produced  by  organisms  growing  in 
the  food.  In  this  case  a  specihc  organism,  Clostridium  botulinum,  is  respon¬ 
sible.  The  Cl.  botulinum  is  a  spore-former  and  boiling  temperatures  will 
not  kill  the  spores.  Fortunately,  the  organism  does  not  grow  well  in  acid 
mediums  and  the  toxin  is  destroyed  l)y  boiling.  Home-canned  products 
not  heated  adequately  during  the  canning  process  are  the  normal  source 
of  infection.  (Heating  at  248°  F.  for  10  minutes  will  destroy  the  spores.- 
This  temperature  is  usually  obtained  by  heating  under  jiressure.) 

Food  poisoning,  using  the  term  in  its  most  general  sense,  also  occurs 
from  the  introduction  ot  chemical  poisons  into  foods.  Careless  handling 
and  storage  in  kitchens  of  insect  and  rodent  poisons  has  been  the  leading 
factor  in  most  poisonings  of  this  type.  Dack*^  lists  10  different  chemicals 
in  his  table  ol  characteiistics  of  gastrointestinal  upsets  from  chemical 
poisons.  These  include  antimony,  barium  carbonate,  sodium  ffouride,  zinc, 
and  arsenic.  Several  of  the  chemicals  were  introduced  into  the  food  by 
the  action  of  the  loods  themselves  on  the  container,  i.e.  acid  foods  on 
zinc,  acid  liquids  on  cadmium  plated  utensils,  and  antimony  from  the 
enamel  of  cheap  cooking  utensils. 

Hie  Tinted  States  Public  Health  Service--  has  tabulated  information  on 
reported  outbreaks  of  food  poisoning.  Hetween  the  years  1938  and  1948, 
inclusive,  37(3  outbreaks  reported  have  been  attributed  to  milk  and  milk 
products;  2,703  have  lieen  traced  to  other  foods;  and  215  have  been  con¬ 
sidered  food  poisonings  of  undetermined  origin.  The  results  of  these  out¬ 
breaks  include  134,028  cases  of  illness  and  584  deaths. 

A  sanitation  control  program  in  food  handling  establishments  includes 
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consideration  of  exterior  environmental  appearance,  clean  interiors,  clean¬ 
liness  ot  equipment,  good  housekeeping,  education  of  personnel  in  hygiene 
insect  and  rodent  elimination.  Rating  systems  are  frequently  employed 
which  are  designed  to  show  the  factors  influencing  sanitary  practice  and 
t  le  cost  and  responsibility  of  each  separate  department  in  a  plant.  Korff 
has  shown  ‘‘that  educational  methods  are  by  far  the  most  effective  way  to 
obtain  results. The  punitive  procedure  while  used  as  a  means  of  last 
resort,  is  being  replaced  by  training  programs,  conferences,  and  demon¬ 
strations  of  sanitary  procedures. 

This  discussion  of  food  sanitation  includes  consideration  of  some  of  the 
groups  of  foods  handled;  methods  employed  in  various  types  of  food  prepa- 
lation  01  preservation;  and  supervision  of  those  places  serving  food  to  the 
public.  Milk  and  milk  products  are  treated  separately. 

MEAT  PRODUCTS  INCLUDING  POULTRY 


Meat  production  is  a  highly  technical  industry.  The  large  plants  are 
engaged  in  world  wide  business  and  are  under  federal  inspection  while  the 
local  abattoir  is  under  state  or  municipal  control.  The  modern  packing 
house  is  a  combination  of  slaughter  house,  cold  storage  and  freezer  ware¬ 
house,  smoke  house,  pickling  plant  and  cannery.  Fresh  meats  are  among 
the  most  perishable  of  foods.  Heat  so  greatly  alters  the  character  of  meat 
that  refrigeration  has  been  adopted  as  the  general  method  of  preservation, 
although  canned  meats  are  a  very  important  article  of  commerce. 


General  Procedures 

Prior  to  slaughtering,  animals  are  usually  inspected  to  eliminate  the 
sick  or  fatigued  and  to  ascertain  if  any  communicalde  diseases  are  present 
among  them.  Poultry  is  held  a  few  days  before  killing  for  observation  and, 
if  to  be  frozen,  fed  upon  a  buttermilk  diet  to  remove  objectionable  flavors 
from  the  meat. 

Cattle  are  stunned  prior  to  slaughtering.  Animals  are  killed  by  having 
their  throats  cut  to  facilitate  thorough  bleeding.  Poultry  are  beheaded  or 
stuck.  After  bleeding  has  been  completed,  cattle  hides  and  organs  are 
removed  and  the  carcass  dressed.  Hog  carcasses  are  scalded  at  140°  F . 
to  loosen  the  hair  which  is  mechanically  scraped  from  the  skin.  Feathers 
are  removed  from  poultry  by  rubbing  after  scalding  in  water  at  160°  h. 
or  by  “dry  picking.”  A  post-mortem  inspection  is  made  of  carcasses  and 
organs  at  local  abattoirs  under  federal  supervision.  This  inspection  will 
detect  gross  pathology.  Carcasses  may  be  condemned  in  whole  or  in  pait, 
they  may  be  withdrawn  from  any  use  as  food  or  permitted  to  be  used  only 
for  processed  (canned)  purposes.  It  should  be  noted  that  the  usual  post¬ 
mortem  inspection  ol  pork  will  not  detect  the  presence  of  trichinae. 
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Storage 

As  soon  after  l)iitcliering  as  is  possilile,  meat  should  he  pooled  to  a 
temperature  that  inhibits  bacterial  activity.  This  is  one  of  the  most  im¬ 
portant  factors  in  its  preservation.  Immediatel}^  after  being  dressed,  it 
should  be  placed  in  a  cooler  at  34°  to  3G°  F.  where  it  is  rapidly  chilled. 
Warm  and  previously  chilletl  carcasses  must  not  be  mixed  in  the  fore- 
cooler  because  slime  will  form  on  the  meat  surfaces  from  moisture  conden¬ 
sation.  One  practice  is  to  store  beef  in  cold  storage  rooms  at  34°  to  36°  F. 
for  two  to  six  weeks  in  order  to  produce  a  ripened  or  aged  condition  which 
improves  the  texture  and  flavor.  During  such  storage  autolysis,  that  is. 


Fig.  7.  Beef  in  cold  storage.  (Courtesy,  Food  Industries.) 


auto-digestion  of  the  meat,  takes  place  to  a  slight  degree,  accompanied 
sometimes  by  an  external  growth  of  mold.  The  mold  is  thought  to  have  no 
direct  part  in  the  aging  process. 

Solidly  frozen  meats  may  be  stored  satisfactorily  for  long  periods  of 
time,  that  is,  a  year  or  more,  depending  upon  their  character  and  tlie  care 
in  storage.  Molds  and  bacteria  develop  very  slowly,  if  at  all,  on  the  solidly 

lozen  flesh,  and  the  natural  tissue  enzymes  are  not  seriously  active  at 
very  low  temperatures. 

After  slaughtering,  pork,  lami,,  ve.al,  and  mutton  are  held  for  72  hours 

T'o^r" P  ’n  " tliey  arc  frozen  at  t)»  F  to 
.)  1 .  1  oultry  piepared  lor  freezing  is  usually  umlraun  althotigh  there 
IS  an  in  masmg  demand  lor  cleaned  birds.  Storage  is  maintained  lielow 
1..  I'.  Iceonhug  thermometers  are  used  to  control  temperatures  in  the 
oie-coolei,  chill  room,  and  frozen  storage  compartment. 
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Detection  of  Decomposition 

Decomposition  of  fresh  or  cold  storage  meats  can  he  detected  tiest  by 
odor.  Different  meats  have  various  natural  odors.  It  is  important  for 
anyone  in  a  regulatory  position  to  have  a  knowledge  of  these  natural  odors 
so  that  he  can  detect  abnormal  odors  and  so  that  possible  condemnation 
ot  sound  meats  can  be  avoided.  The  nose  should  be  placed  close  to  the 
meat  to  detect  “off”  odors.  Only  experience  can  give  proficiency  in  the 
recognition  of  unnatural  odors. 

Large  cuts  of  meat,  particularly  smoked  or  otherwise  treated  meats, 
may  decompose  around  the  joints  of  bones.  A  steel  “trier”,  a  slender  rod, 
is  used  to  sample  the  odor  in  these  protected  places.  The  trier  is  thrust 
into  the  meat  until  it  strikes  the  bone.  Immediately  after  withdrawal,  the 
trier  should  be  examinetl  for  any  traces  of  off  odors. 

Meats  should  have  a  dry  surface.  Any  pieces  having  a  slimy  covering 
should  be  rejected.  Since  slime  forms  best  in  areas  protected  from  air  cir¬ 
culation,  those  parts  of  the  meat  protected  by  over-lying  joints  should 
be  examinetl  carefully.  The  area  under  the  wings  of  poultry  is  a  gootl 
example. 

Any  meat  that  shows  insect  infestation  should  be  rejected.  The  infesta¬ 
tion  may  be  manifested  by  the  presence  of  maggots  or  eggs.  The  best  that 
can  be  said  untler  these  circumstances  is  that  the  meat  has  been  improperly 
stored  or  hantlled  in  transportation. 

Stale  fish  can  be  detected  by  odor  or  by  the  general  condition  of  the 
flesh  which  should  be  firm  to  the  touch.  Sunken  dried  eyes  indicate  that 
the  fish  are  not  freshly  caught. 


Curing 

Large  (luantities  of  meat  are  mildly  cured  in  the  United  States,  and  I)e- 
cause  of  the  mildness  of  the  cure  they  must  be  held  or  transported  under 
proper  refrigeration.  “Cured  meats”  in  this  discussion  include  all  types 
of  meat  products  that  have  been  sul)jected  to  a  curing  process  with  smoke, 
common  salt  or  brine,  saltpeter,  sugar,  etc.  Ham,  Imccni,  tongues,  frank¬ 
furters,  bologna,  and  various  types  of  sausage  are  some  of  the  more  common 
cured  products.  The  processes  of  curing  should  be  speedy  and  thorough  to 
prevent  microbial  decomposition,  especially  when  large  cuts  with  much 
bone,  such  as  hams  and  shoulders,  are  treated.  Chilled  meat  is  used.  Pem- 
peratures  in  the  curing  rooms  should  be  between  34°  F.  and  38  P  vitli- 
out  excessive  humidity.  Curing  vats  must  be  covered  to  prevent  con¬ 
tamination  from  exterior  sources.  The  strength  of  the  pickle  shoukl  be 
tested  at  intervals  and  salt  added  when  required.  For  a  good  cure  tlie  mea 
must  be  kept  covered  with  pickle.  It  is  the 

such  meat  with  the  curing  pickle  so  that  curing  near  the  bone  ma> 
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hastened.  If  this  is  not  carefully  and  efficiently  done,  hams  and  shoulders 
may  ‘‘sour.” 

Only  pickled  meat  or  portions  containing  a  very  small  amount  of  mois¬ 
ture  are  smoked.  Smoke  from  different  woods  imparts  specific  ^flavors. 
Smoke  house  temperatures  are  held  between  100°  F.  and  110°  F.  Meat 
being  smoked  must  be  hung  to  provide  a  good  circulation  of  air  between 
the  pieces.  Smoking  is  continued  for  about  9  days. 

Cured  meats  are,  ol  course,  less  susceptible  to  microbial  spoilage  tlian 
are  fresh  meats.  Salt  in  high  concentration  is  an  effective  preservative, 
and  smoke  contains  chemical  substances  which  reduce  the  rate  of  micro¬ 
bial  growth  in  smoked  products.  But  the  word  “cured”  as  applied  to  such 
liroducts  should  not  be  interpreted  as  meaning  complete  protection  against 
deterioration  or  spoilage.  “Cured”  meats  if  not  properly  handled  and 
stored  in  the  home,  restaurant,  or  hotel  may  decompose  and  so  cause 
serious  illness  to  persons  consuming  them. 

Canning 


The  canning  of  meats  as  a  commercial  method  of  preservation  began  in 
the  United  States  many  years  ago.  Both  fresh  and  cured  meats  are  now 
canned  in  large  quantities.  The  principal  products  are  roast  beef,  corned 
beef,  and  the  ground  or  chopped  meat  jiroducts  frequently  referred  to  as 
“deviled”  or  “potted”  meats.  The  fresh  meat  or  meat  products  which  come 
to  the  canning  department  of  the  packing  house  are  usually  in  a  satisfac¬ 
tory  sanitary  condition. 

1  he  meat  selected  for  canning  is  first  cooked  and  boned  and  then  packed 
into  cans  by  hand  or  it  is  finely  ground  and  packed  by  machinery.  The 
geneial  piocedures  for  vegetable  canning  and  storing  as  discussed  on  page 
37  are  practiced. 


Chicken  canneries  have  been  established  in  localities  where  fresh  poultry 
is  available  in  relatively  large  ciuantities.  Canned  whole  chicken  and 
chicken  products  are  processed  under  steam  pressure  for  sufficient  time  to 
pioduce  sterility  and  also  to  provide  adequate  cooking. 

Temperatures  and  pressures  higher  than  those  used  with  fruits  and 
vegetal)les  are  iiermissible  in  canning  meats,  since  the  flavor  and  texture 
are  not  impaired  by  over-cooking  as  is  the  case  with  fruits,  vegetables 
and  marine  products.  In  the  rare  instances  of  microbial  spoilage  of  canned 
meats,  the  fact  as  a  rule  can  be  detected  by  the  swelling  of  the  ends  of 
t  le  cans  or,  when  the  can  is  oiiened,  by  the  offensive  odor,  probably  from 
some  of  the  sulphur  compounds  of  the  meat. 

K<lihl(.  «c,.„„,Ia.y  fat  pr,xlu<.f,s  suol,  as  lard  and  oleo-stearino  are  chilled 
yound  and  moltcl  (remlered)  at  150”  F.  to  100“  F.,  clarihe.l  hy  centri- 

sh?pp«l  "H'lor  refrigeration  until 
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Unedible  fragments  of  meat,  refuse,  offal,  and  carcasses  of  dead  animals 
are  converted  into  tankage  by  steam  rendering.  These  materials  must  be 
sent  to  the  tank  room  without  passing  through  the  meat  rooms.  Tank 
rooms  must  not  be  directly  connected  to  the  packing  floor. 

Fresh  meat  contains  a  high  proportion  of  protein,  which  is  readily  de¬ 
composed  by  bacteria  which  multiply  with  astounding  rapidity  in  such 
nutrient  materials  as  meat  juices.  For  this  reason,  all  utensils  and  equip¬ 
ment  coming  in  contact  with  the  meat  should  be  thoroughly  and  frequently 
cleaned.  Only  hot  water,  strong  cleaning  agents,  and  scrubbing  can  be 
expected  satisfactorily  to  clean  metal  equipment  or  wooden  cutting  blocks 
smeared  with  serum,  blood,  and  fat.  After  cleaning,  all  equipment  should 
be  treated  with  a  good  disinfectant,  such  as  chlorine  or  one  of  the  quater¬ 
nary  ammonium  compounds,  or  it  may  be  sterilized  with  steam. 

After  cleaning,  the  walls  and  floors  of  meat  dressing  rooms  should  be 
sprayed  with  a  chlorine  solution  having  a  strength  of  not  less  than  100  ppm. 
Coolers  and  refrigerator  rooms  should  be  kept  clean  and  the  floor  oc¬ 
casionally  sprayed  with  a  weak  chlorine  solution  to  control  odors. 

The  daily  cleaning  of  rooms  and  equipment  is  of  great  importance. 
Where  glazed  tile  walls,  brick  or  concrete  floors,  or  other  impervious 
materials  have  been  used  in  construction,  this  is  easily  accomplished  by 
hosing.  Rat-proofing  of  the  building  and  the  use  of  DDT  or  other  suitable 
insecticide  to  control  insects  is  necessaiy. 

Toilet  facilities,  including  lavatories,  equipped  with  hot  and  cold  water, 
should  be  provided  for  each  sex.  The  toilet  room  should  not  open  directly 
into  the  packing  room.  One  lavatorj^  per  each  20  employees  is  satisfactory. 

MARINE  PRODUCTS 

All  edible  sea  foods  are  consumed  when  fresh.  Salmon,  haddock,  halibut, 
tuna,  mackerel,  cod,  sardine,  flounder,  herring,  shrimp,  crabs,  lobstei, 
clams,  and  oysters  are  the  principal  marine  products  canned  or  fiozen. 


Fish 

From  the  time  fish  are  caught  until  cooked  they  should  be  handled, 
transported,  and  stored  under  sanitary  conditions.  Fish  must  lie  chilled 
immediately  upon  removal  from  the  water  and  while  lieing  brought  to  the 
fish  houses  for  sorting  and  packing.  During  cold  weather,  storage  without 
ice  on  ship  board  is  practiced,  but  in  warm  weather  fish  must  be  stored  in 

chiir  rooms,  cooled  with  ice,  or  frozen.  -v  i  + 

Fresh  fish  must  be  kept  cold  until  consumed.  They  must  have  the  best 

of  care  in  handling  and  be  kept  absolutely  clean.  Fish  should  be  depositet 
in  the  fish  house  within  fi  hours  after  being  caught,  unless  they  are  frozen 
on  ship  board.  They  may  be  held  packed  in  ice  for  6  days  but  if  to  be  fiozen, 

freezing  must  be  done  within  3  days. 
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\Mien  fish  are  being  packed  for  shipment,  a  layer  of  fine  crushed  ice  is 
placed  on  the  bottom  of  the  barrel,  then  a  layer  of  fish.  Layers  of  ice  and 
fish  are  alternated  to  within  1  foot  of  the  top  of  the  barrel  which  must 
then  be  filled  with  ice.  A  ratio  of  1  pound  of  ice  to  2  pounds  of  fish  will 
keep  the  fish  fresh  for  2  days  in  warm  weather. 

Sound,  properly  packed  fish  may  be  held  at  32°  F.  for  14  days  since  at 
this  temperature  fish  do  not  freeze,  nor  does  the  ice  melt.  Ref i  igei  ator 
cars  are  kept  between  38°  F.  and  45°  F.  when  carrying  fish  in  containers 
in  which  the  fish  are  covered  with  chipped  ice.  Preservatives  are  occasion¬ 
ally  incorporated  with  the  ice  to  reduce  microbial  activity.  Hypochlorites 
have  proved  successful  as  preservatives  in  England  but  have  not  been 
widely  adopted  by  American  fishermen. 

Fish  for  marketing  at  distant  points  are  usually  quick  frozen.  This  is 
accomplished  by  a  modification  of  the  plate  surface  freezer  or  by  sus¬ 
pending  the  fish  in  brine  at  7°  F.  from  one  half  to  6  hours.  After  being 
frozen,  fish  are  glazed  bj^  a  dipping  in  clean,  clear  water  just  above  the 
freezing  point,  followed  by  a  quick  withdrawal.  This  produces  an  air 
tight  coating  of  clear  ice  about  ^  inch  thick  around  the  fish.  After  being 
glazed,  the  fish  are  stored  at  0°  F. 

After  washing  and  gutting  and  in  some  instances  after  the  removal  of 
the  back  bone,  fish  may  also  be  canned,  dry  salted,  pressed,  pickled,  dried 
or  smoked.  The  processes  used  are  analagous  to  those  discussed  for  the 
preservation  of  meat  and  meat  products. 

It  is  essential  that  strict  sanitary  measures  be  employed  throughout 
fish  packing  houses  and  on  the  boats.  Water,  ice,  and  brine  must  be  kept 
free  from  contamination  and  meet  standards  equivalent  to  those  set  for 
drinking  water.  The  floors,  walls,  and  ceilings  of  work  rooms  in  packing 
houses  should  be  of  impervious  construction  and  the  rooms  and  equipment 
cleaned  daily.  A  germicidal  bath  must  be  given  all  equipment  at  the  end 
of  work  each  day. 

Crustacea 


(Jther  common  sea  foods  include  shrimi),  crabs,  and  lobsters.  They  must 
be  chilled  immediately  after  removal  from  the  water,  kept  well  iced,  and 
handled  under  strict  sanitary  conditions.  Shrimp  must  be  washed,  then 
packed  in  crushed  ice  or  frozen  solid  to  keep  for  any  length  of  time.  Crabs 

and  lobsters,  if  packed  in  ice,  may  be  kept  alive  for  3  days  after  removal 
from  the  water. 

Shrimp,  crabs  and  lolister  are  canned  for  markets  too  distant  to  permit 
sa  e  as  resh  food.  They  should  lie  well  iced  promptly  after  being  caught  to 
nh  bit  bacterial  as  well  as  enzymic  decomposition,  and  should  be  brought 
to  the  cannery  as  soon  as  possible  after  they  are  taken  from  the  sea  In 
Older  to  remove  the  outer  shell  without  damaging  the  meat  fresh  shrimp 
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must  be  peeled  by  hand.  These  fish  contain  an  active  digestive  enzyme 
which  quickly  produces  suppurative  sores  on  the  hands  of  the  operators 
or  ‘‘peelers.”  It  has  not  proved  practical  for  the  peelers  to  wear  any  type 
ol  gloves  while  working,  so  work  shifts  cannot  continue  longer  than  a  few 
hours  at  a  time.  After  being  peeled,  the  fish  are  washed  and  immediately 
pre-cooked  in  boiling  brine,  which  hardens  or  “fixes”  the  muscle  tissue. 
Pile  biine  should  be  maintained  at  the  boiling  point,'  otherwise,  the  pre¬ 
cooking  may  become  a  process  of  bacterial  inoculation.  The  shrimp  are 
cooled  on  lacks,  then  packed  into  cans  by  hand  and  heat  processed,  gener¬ 
ally  at  240°  F.  Packs  covered  with  brine  require  less  processing  than  the 
so-called  “dry  pack.” 


Like  most  other  marine  products,  canned  shrimp  is  highly  susceptible 
to  spoilage  and,  once  the  container  is  opened,  should  be  consumed  im¬ 
mediately  or  well  refrigerated. 

Crabs  are  boiled  in  0.6  percent  sodium  bicarbonate  solution  until  cooked, 
then  Avashed  in  cold  water  and  “picked.”  The  meat  is  then  washed  in  1 
percent  brine.  Lobsters  are  boiled  in  3  percent  brine  for  30  minutes,  cooled 
in  6  percent  brine,  and  “picked.”  Both  crabs  and  lobsters  are  hand  packed 
into  cans  or  glass  containers.  Processing  is  similar  to  that  used  for  shrimp. 
Sanitation  control  comparable  to  that  suggested  for  canning  houses  (see 
p.  43)  is  necessary  to  insure  a  satisfactory  product. 


IMollusks 

Oysters,  clams,  and  mussels  are  the  mollusks  of  interest.  Oysters  are 
grown  in  the  brackish  waters  of  bays  and  rivers  along  the  Atlantic  seaboard. 
Gulf  of  Mexico,  and  Pacific  northwest.  Generally,  these  waters  are  subject 
to  surface  runoff  and  consequent  pollution,  so  that  it  has  become  necessary 
to  restrict  closely  the  areas  from  which  these  shell-fish  may  be  taken. 

Oysters  from  sewage-polluted  waters  have  been  the  cause  of  many  out¬ 
breaks  of  typhoid  fever,  necessitating  general  supervision  of  the  industry 
by  health  authorities.  An  oyster-borne  epidemic  of  typhoid  fever  occurring 
more  or  less  simultaneously  in  New  York,  N.  Y.,  Washington,  D.  C.  and 
Chicago,  Ilk,  in  1924  received  widespread  publicity,  caused  a  loss  of  pub¬ 
lic  confidence  in  the  safety  of  this  shell-fish  and  seriously  reduced  sales. 
To  restore  jmblic  confidence  in  the  industry,  the  oyster  growers  requested 
the  health  authorities  to  formulate  a  control  program  that  would  make  this 
shell-fish  safe  for  human  consumjition.  A  basic  policy  was  subsequently 
established  liy  the  cooperative  efforts  of  health  officials  and  representatiA  es 
of  the  industry.  The  essential  hygienic  requirements  to  assure  cleanliness 
and  safety  in  marketing  are:-^ 

1.  Shell-fish  shall  be  marketed  only  from  inspected  and  approved  beds 
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located  in  water  areas  which  are  free  of  contamination  from 


dangerous 


pathogenic  organisms.  ,  ,  ,  •  -•  i 

2.  These  products  shall  be  under  rigid  public  health  inspection  and 

marketed  with  sanitary  procedures  that  will  safeguard  them  from  con¬ 
tamination  or  adulteration  that  would  cause  them  to  become  unfit  for 

food.  .  11-  u 

3.  Each  shipper  must  lie  licensed  and  issued  a  distinctive  establishment 

number  by  the  appropriate  state  health  agency.  Every  shipment  of 
shell-fish  shall  bear  an  approved  tag  showing  the  identification  number 
of  the  shipper.  If  a  lot  is  split  into  smaller  quantities  during  wholesale 
transactions  each  portion  must  be  marked  with  an  appioved  tag  beaiing 
the  number  of  the  original  shipper.  ( Phus,  any  retailer  can  cpiickly 
trace  the  source  of  shell-fish,  should  tlie  need  arise.)  Shipping  methods 
and  storage  procedures  must  be  under  the  control  of  state  or  federal 
health  agencies. 

4.  The  shell-fish  must  conform  to  an  estalilished  bacterial  standard  and 
meet  food  regulations. 

Since  establishment  of  this  program  the  shell-fish  growing  areas  are 
periodically  surveyed  by  state  or  federal  agencies.  These  sanitary  and 
bacteriological  surveys  are  mandatory  for  health  department  approval  anti 
should  be  made  at  least  every  2  years  or  as  frequently  as  required.  Grow¬ 
ing  areas  are  classified  as  approved  or  restricted. 

Approved  areas  are  free  from  human  wastes  or  if  such  are  present, 
they  are  diluted  to  such  a  degree  that  they  are  innocuous.  The  coliform 
organism  density  in  the  water,  expressed  as  the  most  probable  number 
(iM.P.N.)  shall  not  exceed  70  per  100  cc.  as  median  of  a  series  of  samples 


collected  from  several  sections  of  the  area.  Grossly  polluted  areas  are 
those  directly  contaminated  with  sewage  as  shown  when  the  coliform 
density  in  the  water  is  greater  than  700  per  100  cc.  These  areas  are  re¬ 
stricted  and  the  taking  of  shell-fish  from  them  is  prohibited. 

IModerately  polluted  areas  are  those  showing  indirect  contamination 
with  the  coliform  density  in  the  water  less  than  700  per  100  cc.  Shell-fish 
may  be  taken  from  moderately  polluted  areas  during  the  hibernation 
peiiod,  when  the  water  is  not  above  41°  F.  and  when  the  coliform  density 
of  the  shell-fish  does  not  exceed  20  per  100  cc.  Shell-fish  may  be  removed 
from  moderately  polluted  areas  to  storage  in  approved  areas  or  in  chlorin¬ 
ated  sea  water  for  biological  cleansing.  They  must  be  held  in  the  clean 


water  at  a  temperature  below  51°  F.  for  not  less  than  7  days  prior  to  sale 
Special  permission  to  transplant  the  shell-fish  must  be  obtained  from  the 
health  agency  having  jurisdiction.  Tank  installations  for  this  cleansing 
of  shell-fish  IS  a  relatively  new  development  in  the  business. 
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Chlorination  of  storage  water,  in  which  the  imshucked  shell-fish  are 
kept  temporarily,  to  promote  cleanliness  and  self-purging  of  disease  organ¬ 
isms  IS  advantageous.  The  practice  of  taking  oysters  from  contaminated 
beds  and  attempting  to  disinfect  them  by  more  vigorous  chlorination 
procedures  is  not  considered  safe.  It  may  be  said  to  have  its  counterpart 
in  the  practice  of  pasteurizing  dirty  milk. 

When  the  B.  coli  IVI.P.N.  exceeds  230  per  100  cc.  for  shell  stock  it  is  an 
indication  of  unfavorable  conditions  in  handling  or  at  the  production  areas. 
An  immediate  investigation  by  the  supervising  agency  is  required. 

Although  the  standaids  establish  the  cohform  as  the  criterion 

of  safety,  bacterial  control  of  shell-fish  and  shell-fish  growing  areas  is 
being  based  increasingly  upon  the  density  (M.P.N.)  of  the  Escherichia  coli 
organism  rather  than  of  the  entire  group.  This  organism  correlates  more 
closely  with  physical  conditions  as  developed  by  the  sanitary  survey  and 
is  therefore  a  truer  index. 

Boats  used  for  shell-fish  collection  should  have  their  storage  bins  so 
located  that  bilge  water  or  polluted  sea  water  cannot  come  in  contact  with 
the  catch.  Human  wastes  must  be  collected  in  a  water  tight  metal  con¬ 
tainer  and  the  contents  disposed  of  in  a  sanitary  manner  ashore  or  dis¬ 
charged  overboard  at  a  point  remote  from  the  shell-fish  grounds  and 
approved  by  the  supervising  authority. 

Shell-fish  held  in  dry  storage  must  be  adequately  protected  from  con¬ 
tamination  at  all  times.  This  includes  protection  from  flooding,  rat  proof¬ 
ing  of  the  room,  construction  of  the  room  with  impervious  materials  and 
adequate  floor  drains  to  facilitate  cleaning. 


Canning  of  Oysters  and  Clams 


At  the  cannery  oysters  are  loaded  into  iron  crates,  washed  with  a  hose 
and  wheeled  into  “steamers.”  These  are  retorts  in  which  the  oysters  are 
killed  with  steam  so  that  the  shells  open.  As  steam  at  ten  pounds  pressure 
is  used,  a  marked  reduction  in  the  contamination  on  the  shells  occurs. 

On  the  Eastern  Seaboard  clams  are  washed  in  rotary  drums  untler  water 


sprays  or  by  water  from  a  hose.  Neither  method  is  as  effective  as  is  de¬ 
sirable.  The  shells  should  be  cleaned  thoroughly  so  that  contamination 
from  them  will  not  be  introduced  into  the  meat  and  juice.  After  washing, 
the  clams  arc  steamed  in  crates  and  retorts  similar  to  those  used  foi  oys¬ 


ters.  In  the  west,  a  combination  washer  and  scalder  is  used.  As  the  clams 
die,  the  shells  open  and  the  juice  is  collected  in  the  retort  or  steamei.  As 
juice  is  sometimes  used  for  covering  the  clams  in  the  cans  the  most  sani¬ 
tary  methods  of  handling  the  shell  stock  are  essential.  I  he  clam  meats 
are  packed  at  once  into  cans,  covered  with  fresh  brine  or  clam  juice,  and 
processed  under  steam  pressure. 
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All  packing  equipment  should  be  of  not  readily  corrodible  metal.  Per¬ 
forated  utensils  should  be  smooth;  wire  mesh  should  not  be  used. 

To  prevent  contamination  of  the  packing  room,  shucking  must  be  done 
in  a  separate  room.  Only  personnel  directly  employed  in  packing  should 
be  permitted  in  the  packing  room.  The  packing  plant  walls  and  floors 
should  be  of  impervious  material  and  so  constructed  that  the  rooms  may 
be  easily  hosed  down.  If  the  plant  is  operated  during  insect  season,  all 
exterior  openings  to  the  rooms  must  be  screened  and  the  premises  sprayed 
with  a  suitable  insecticide  when  required.  Toilet  and  washing  facilities  for 
employees  based  on  the  ratios  given  on  page  43  are  satisfactory. 

The  water  supply  should  meet  the  requirements  for  drinking  water. 

Persons  working  in  the  plant  should  wear  aprons  or  coats  which  can  be 
laundered  and  should  be  trained  to  wash  their  hands  after  use  of  the 
toilet.  Since  the  food  is  handled  by  the  personnel  it  is  of  vital  importance 
that  no  one  with  exposed  sores  or  a  communicable  disease  be  permitted 
to  work.  Daily  observation  of  all  employees  helps  to  prevent  contamina¬ 
tion  of  the  shucked  shell-fish  with  infectious  organisms. 

Shucking  stands,  pails,  and  other  packing  equipment  should  be  kept 
clean.  Pails  should  be  rinsed  before  each  filling.  All  floors,  walls,  and 
benches  must  be  washed  free  of  mud  immediately  after  operations  cease 
each  day.  Utensils  should  be  washed  and  subjected  to  a  bactericidal  treat¬ 
ment  each  day.  This  may  consist  of  exposure  to  steam,  immersion  in  hot 
water  for  2  minutes,  dipping  in  a  chlorine  solution  having  a  strength  of  100 
ppm.,  or  use  of  a  satisfactory  quaternary  ammonium  solution. 

Shells  from  which  meats  have  been  removed  must  be  disposed  of 
promptly.  This  is  usually  done  by  dropping  them  through  chutes  in  the 
floor  into  collection  bins  below. 


Shucked  shell-fish  should  be  packed  in  either  single  service  containers 
of  impel  vious  material  (waxed  paper  or  glass)  or  in  sealed  returnable 
metallic  containers.  The  packer’s  certificate  number  should  be  embossed 
upon  each  unit  shipped.  Shucked  shell-fish  must  be  cooled  to  below  50°  F. 
vithin  2  hours  and  kept  at  this  temperature  until  consumed. 


V^AIMNIINCj 

All  of  the  common  foods  are  canned.  Fruits,  vegetables,  meat  and  meat 

products,  poultry,  fish,  shellfish,  milk  and  coffee  are  readily  obtainable  in 
cans  or  glass  containers. 

Ihe  use  of  private  formulae  and  secret  trade  practices  in  this  industry 
piewailed  for  many  years  and  seriously  impeded  its  technical  progress 
Extensive  laboratory  investigations  were  found  necessary,  however  in 
Older  to  iiack  products  of  uniform  (piality  which  would  not  spoil  Hit 
nd-miss  methods  could  not  succeed  in  such  a  rapidly  developing  industry 
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and  ’\\ere  gradually  superseded  by  scientific  laboratory  control,  until  com¬ 
mercial  canning  is  today  an  outstanding  example  of  the  profitable  appli¬ 
cation  of  the  results  of  research  to  industry. 

Cans  as  commonly  used  are  coated  on  the  inside  with  tin,  laccpiers,  or 
enamels.  Suitable  coatings  are  used  for  different  products.  A  satisfactory 
coating  will  not  injure  the  flavor  or  palatability  of  the  product.  The  “open 
top”  or  sanitary  can  is  in  general  use  with  the  tops  crimped  to  the  sides  by 
special  machines.  This  type  of  can  has  fewer  losses  in  “swells”  and  “spring¬ 
ers”  and  is  more  easily  processed.  Glass  containers  have  become  a  natural 
substitute  for  tin  cans  in  the  packing  of  foods.  In  1942  it  was  estimated  that 
fruits  and  vegetables  packed  in  glass  amounted  to  31  million  cans  or  11 
percent  of  the  total.  Plastic  containers  have  not  yet  been  found  suitable 
to  replace  glass  or  metal  in  canning. 


Procedure 


Spoilage  quickly  develops  in  raw  material  after  picking  or  cutting  from 
the  plant  or  tree.  In  addition  to  the  ever  present  micro-organisms,  both 
fruits  and  vegetables  contain  enzymes  or  chemical  ferments.  These  play 
a  useful  role  in  plant  metabolism  but  may  produce  destructive  or  un¬ 
desirable  effects  upon  the  fruit  or  vegetable  as  soon  as  it  is  removed  from 
the  plant.  The  entire  canning  procedure  should  be  speedily  carried  out, 
to  avoid  loss  of  sugars  and  flavor,  as  well  as  to  pre^Tnt  putrefactive  de¬ 


composition. 

Produce  received  at  the  cannery  is  thoroughly  washed  and  sometimes 
otherwise  cleaned.  Since  practically  all  fhe  contamination  is  on  the  surface 
of  the  fruits  or  vegetables,  thorough  and  effective  washing  is  one  of  the 
most  important  steps  in  canning.  The  spray  type  of  washer,  in  which 
small  streams  of  water  strike  the  vegetables  with  considerable  foice,  is 
generally  the  best. 

Washing  should  be  done  either  in  tanks  in  which  the  water  is  continually 
replenished,  or  frecpiently  changed,  or,  preferably,  under  a  power-spray 
system  of  continuous  operation.  Apples,  apricots,  pears,  cherries,  and 
plums  (tree  fruits  maturing  ordinarily  some  distance  from  the  soil),  as  a 
rule  should  be  washed  before  treatment.  Peaches  are  usually  peeled  and 
then  washed,  while  pineapples  are  cored  and  trimmed  before  washing. 
Soaking  in  cold  water  and  subseiiuent  brushing  of  beets,  carrots,  sweet 
iiotatoes,  etc.,  which  may  have  much  adhering  soil,  are  necessary.  An 
abundant  supply  of  pure  water  is  essential;  otherwise  washing  may  in¬ 
crease  rather  than  remove  contamination.  A  good  rule  is  to  regard  on]\ 
water  which  is  safe  for  drinking  as  tit  for  washing  in  the  cannery. 

Peaches  were  formerly  peeled  by  hand,  but  now  this  is  generally  done  l>v 
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soaking  thorn  in  a  weak,  hot  lye  solution  (about  2  pereent  sodium  hy¬ 
droxide).  After  the  lye  treatment,  the  fruit  should  be  well  brushed  and 
thoroughly  rinsed  to  insure  effeetive  and  complete  removal  of  the  solu¬ 
tion.  Clrapefruit  is  scalded  and  then  peeled  by  hand.  1  he  peeled  fiuit  may 
then  be  given  a  short  lye  bath  to  remove  the  'h’ag”,  after  which  the  fiuit 
is  thoroughly  brushed  and  washed.  Apples  are  generally  peeled  by  machine. 
The  sprockets  holding  the  apples,  the  peeling  knives,  anil  the  conveyors 
should  be  thoroughly  flushed  with  water,  in  order  to  remo^'e  dirt  and  bits 
of  fermenting  fruit. 

After  washing  and  peeling,  the  fruit  should  be  inspected  and  the  im¬ 
perfect  or  partly  decayed  fruit  sorted  out.  Bruised  or  slightly  imperfect 
fruit  may  be  trimmed  foi'  a  low-grade  pack  or  for  jam  or  jelly.  Peeling  or 
cutting  vegetables  is  usually  done  by  maidiinery,  although  peas  and  lima 
beans  are  remo\ed  from  the  pods  liy  “viners”,  machines  in  which  the 
pods  are  broken  open  by  striking  them  against  baffle  boards. 

At  some  stage  in  the  preparation  of  vegetables  for  canning,  the  ma¬ 
terials  should  pass  before  inspectors  where  objectionable  particles  are  re- 
mo\’ed  or  trimmed  away.  Diu'ing  the  rush  season  in  a  cannery  there  is  a 
tendency  to  crowd  the  prepared  vegetable  conveyors  or  to  speed  them  up, 
so  that  inadequate  inspection  results.  This  should  be  avoided,  since  the 
(juality  of  the  finished  product  is  largely  dependent  U]:)on  adequate  in¬ 
spection. 

Packing  of  fruits  and  vegetables  into  cans  or  glass  containers  is  usually 
done  by  hand.  This  is  the  only  way  to  avoid  slack  or  over-filled  cans  and 
prevent  use  of  broken  or  cut  material.  Mechanical  fillers  are  utilized  to 


add  brine  to  vegetables  or  syrup  to  fruits  to  give  the  desired  weight. 

Women  and  girls  are  generally  employed  for  packing  peaches,  apricots, 
grapefruits,  pears,  and  pineapples  into  cans.  Because  of  the  deftness  re¬ 
quired  in  such  work  they  are  physically  better  suited  to  it  than  are  men. 
Close  supervision  of  the  health,  clothes,  and  personal  haliits  of  the  workers 
IS  essential.  The  use  of  caps,  aprons,  and,  in  some  cases,  gloves  is  urgently 
recommended,  but  such  equipment  should  be  keiit  scrupulously  clean.  The 
hands  of  packers  must  be  inspected  freciuently  as  certain  fruit  juices  con¬ 
tain  active  enzymes  which  (luickly  cause  sores.  Persons  who  are  especially 

susceptible  to  such  action,  should  not  be  allowed  to  handle  the  prepareil 
Iruit. 


\  ogetables  are  generally  hlanehod,  that  is,  immersed  in  hot  water  (seald- 
mg  or  almost  ho, ling  tempei'atme)  for  f.-om  one-half  to  two  minutes  This 
not  only  further  i-eduees  eontamination,  hut  also  i-emoves  gelatinous  suh- 

shm-r,u2  r  ll>t>  <'ans,  and  „roei<les  a 

p, e-cook,  nhieh  is  advantageous  in  fixing  color  and  arresting  or  re- 
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taiding  enzymic  action.  Ihe  idanch  water  must  he  kept  clean  and  at  the 
pi edetei mined  temperature j  otherwise  the  operation  does  more  harm  than 
good.  Foul  blanching  water  is  a  weak  spot  in  a  cannery,  is  unsafe  and  a 
source  of  heavy  bacterial  contamination. 

Filled  cans  are  passed  through  an  exhaust  box,  made  preferably  of 
stainless  steel  for  ease  of  cleaning,  by  a  belt  conveyor.  This  box  is  essen¬ 
tially  a  hot  water  chest  or  steam  holder,  and  the  temperature  of  the  prod¬ 
ucts  in  it  is  raised  to  about  130°  F.  which  removes  entrapped  air 
by  expansion.  The  can  is  then  sealed  and  processed;  that  is  the  contents 
are  heated  sufficiently  to  prevent  spoilage.  The  contents  are  not  neces¬ 
sarily  sterilized  but  are  heated  sufficiently  to  retard  bacterial  growth  and 
spore  vegetation.  Sterilization  is  not  practicable;  it  would  make  the  prod¬ 
ucts  unmarketable  because  of  poor  appearance.  Process  temperatures, 
however,  destroy  all  pathogenic  organisms. 

The  heating  temperature  and  holding  time  vary  for  each  food.  Pro¬ 
cessing  is  accomplished  in  an  autoclave  filled  with  hot  water  or  steam, 
usually  in  separate  batches.  After  processing,  cans  are  immediately  cooled 
with  running  water  to  prevent  overheating  and  thermophilic  spoilage  when 
stacked.  Thermophilic  organisms  have  optimum  growth  at  130°  F.  These 
contaminants  come  from  the  raw  products,  added  ingredients,  or  dirty 
equipment. 

Fruits  in  tin  or  glass  containers  are  processed  at  temperatures  not 
above  212°  F.  This  is  usually  sufficient  to  prevent  spoilage.  The  acidity  of 
most  fruits  increases  the  effectiveness  of  the  heat  treatment  in  killing  the 
contaminating  micro-organisms,  and  also  provides  conditions  in  the  finished 
canned  product  unfavorable  for  development  of  the  bacterial  spores  or 
thermophilic  (heat-resistant)  micro-organisms  which  have  survived  the 
jirocessing.  As  fruit  flavors,  especially  the  more  delicate  ones,  aie  easily 
impaired  by  heat,  the  processing  should  be  maintained  at  a  safe  minimum 


temperature.  . 

Vegetables,  as  a  rule,  pack  more  densely  into  the  cans  than  do  fruits,  so 

that  the  rate  of  heat  penetration  in  the  sterilization  process  is  mucli  slowei. 
For  this  and  other  reasons,  higher  temperature  and  longer  processing  time 
are  necessary  in  canning  vegetables.  Furthermore,  in  the  absence  of  t  le 
preservative  action  of  the  acids  found  in  fruits,  it  is  necessary  almost  to 
sterilize  the  vegetables  since  residual  bacterial  spores  may  otherwise  de¬ 
velop  during  storage.  .  ,  ,  ^ 

Fruit  and  vegetable  juices  are  now  packed  with  better  reten  mn 
flavor  due  to  the  use  of  flash  pasteurization  combined  with  deaeration  for 
processing.  Temperatures  in  the  “high-short”  method  are  usually  in  the 
2o0-300°  F.  range  and  the  treatment  time  is  a  matter  of  seconds  -o  a  ew 


minutes. 
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TYPICAL  COMMERCIAL  CANNING  OPERATIONS 


Harvesting 


Receiving 
raw  product 


Soaking  and 
Washing 


Sorting  and 
grading 


Blanching 


Peeling  and  Coring 


Cooling 
Fig.  8,  Typical  Commercial 


W  arehousing 
and  Packing 


Labeling 

canning  operations.  (Courtesy,  American  Can  Co.) 
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Spoilage 


Kveii  \\ith  the  most  meticulous  care  in  prejiaring  and  canning  foods  by 
the  commoidy  accepted  methods,  a  certain  percentage  of  spoilage  of  the 
canned  goods  is  to  he  expected.  This  is  due  to  the  fact  that  the  processing- 
temperature  and  jiressures  are  compromises  between  a  point  high  enough 
to  insure  complete  sterility,  and  a  consequent  impairment  of  aroma,  fla\’or 
and  other  1  actors  of  high  quality,  and  temperatures  and  pressures  so  low 
they  fail  to  preserve  the  product. 

Spoilage  in  canned  goods  is  usually  indicated  by  a  condition  of  the  can 
called  “hard  swell”  or  “flipper.”  Either  condition  is  caused  by  pressure  in 
the  can  produced  by  bacterial  action.  The  ends  of  normal  cans  are  con¬ 
cave,  or  if  coiiATx,  when  outside  pressure  is  applied,  the  concave  shape 
results  and  remains.  If  pressure  develops  inside  the  can  one  or  both  ends 
will  be  forced  into  a  con\'ex  shape.  The  pressure  in  a  hard  swell  is  such  that 
both  ends  are  bulged  out  and  cannot  be  pushed  into  a  concave  jiosition  by 
outside  pressure.  The  flipper  is  characterized  by  sufficient  pressure  to  cause 
one  end  to  bulge.  If  the  bulged  end  is  pushed  in  the  other  end  is  pushed 
out.  Either  condition  is  cause  for  rejection  of  the  contents.  In  addition, 
any  can  that  shows  any  leakage  should  be  rejected.  Still  another  condition 
demanding  rejection  is  that  of  the  flat  sour.  The  cans  do  not  show  bulged 
ends,  but  the  contents  on  being  opened  or  heated,  give  off  an  abnormal 


sour  odor. 

Spoilage  of  canned  fruits  may  result  from  the  growth  of  yeasts  or  bac¬ 
teria  which  have  survived  the  cooking  process  for  various  reasons,  such  as 
inadequate  sterilization,  errors  in  processing,  or  imperfect  sealing  which 
may  permit  micro-organisms  to  gain  entrance  to  the  can  aftei  piocessing. 
In  any  event,  if  viable  micro-organisms  are  present,  fermentation  of  the 
sugar  will  occur  with  the  production  of  gas  (mostly  carlwn  dioxide  and 
hydrogen),  which  soon  develops  sufficient  pressure  to  bulge  the  ends  of 
the  cans,  producing  “hard  swells”. 

In  addition  to  the  possibility  of  extensive  spoilage  in  vegetables  inade¬ 
quately  processed  resulting  in  serious  financial  loss  to  the  canner,  there  is 
also  the  danger  of  food  poisoning  from  the  growth  of  Clostridium  hotuhnum. 
Spores  of  this  micro-organism  are  widely  distributed  in  the  soil  and  are 
considered  to  be  potentially  present  on  all  raw  vegetables.  Idns  micro¬ 
organism  produces  a  very  poisonous  toxin  which  fortunately  is  com¬ 
pletely  destroyed  by  the  heat  employed  in  cooking  canned  vegetables  m 
the  home.  All  non-acid  vegetables,  therefore,  should  be  processed  com¬ 
mercially  under  steam  pressure  sufficiently  high  to  kill  the  Cl.  hotuhnum 
spores.  Commercial  canners  are  aware  of  this  danger,  and  it  is  a  compliment 
to  their  efficiency  that  no  outbreak  of  food  poisoning  from  this  organism 
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in  commercially  canned  vegetables  has  occurred  in  recent  years.  However, 
the  possibility  of  this  danger  is  ever  present. 


Cleaning 


At  noon  and  at  night,  in  fact  before  any  e.xtended  shut-down  period  of 
the  factory,  all  equipment  actually  handling  the  fruit  or  other  ingredients 
should  be  thoroughly  cleaned.  Pipe  lines  and  equipment  not  readily  ac¬ 
cessible  should  be  flushed  out  and  steamed.  Cood  personnel  must  be 
chosen  for  cleaning  tasks.  Slip-shod  or  poorly  supervised  work  must  not  be 
tolerated.  Equipment  must  be  kept  clean  to  prevent  the  growth  of  or¬ 
ganisms  even  when  used  with  acid  products  such  as  tomatoes  or  pine¬ 
apples.  Growth  spots  for  bacteria,  particularly  thermophiles,  are  blanchers, 
blenders,  brine  tanks  and  lines,  hllers,  flumes,  mixers  and  hot  water  pipes. 
The  bacteria  may  be  eliminated  by  flooding  the  equipment  with  cold  water 
for  24  hours  while  it  is  kept  in  continuous  operation. 

Sterilization  and  normal  processing  temperatures  are  not  to  be  substi¬ 
tuted  for  the  selection  of  good  raw  material  and  cleanliness  in  the  factory. 

Handling  of  the  materials,  packing,  processing,  coding  the  containers, 
and,  in  fact,  the  entire  canning  operation  should  be  carefully  and  efficiently 
conducted  and  supervised.  The  processor  of  any  food  accepts  a  grave  re¬ 
sponsibility.  The  canning  industry  is  meeting  its  responsibilities  to  the 
public  and  “canned  foods  whether  prepared  in  the  home  or  in  commercial 
canneries  regardless  of  the  type  of  container,  are  sound,  wholesome  and 
safe.  *  Botulism  in  home  canned  products  is,  however,  a  hazard  of  im¬ 
proper  methods. 

Adequate  and  convenient  lavatoi-ies  for  each  sex  must  be  pro^’ided.  An 
accepted  rate  of  facilities  for  personnel  is: 


Drinking  fountains 
Washing  facilities 
Water  Closets* 


1  per  75  employees 
1  per  10  employees 

1  for  1-9  persons 

2  “  10-24  “ 

3  “  25-49  “ 

5  “  50-100  “  and 
1  for  each  additional 


*  Urinals  may  be  substituted  for 
the  male  section. 


30  i)ersons  over  100 


water  closets  up  to  I  the  total  installations  for 
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system  will  overload  the  treatment  facilities  or  disrupt  treatment  methods. 
Solution  of  the  waste  disposal  problem  is  one  for  competent,  trained 
engineers. 


REFRIGERATION 

The  commercial  preservation  of  foods  by  low  temperature  is  known  as 
refrigeration.  In  many  respects  it  is  complementary  to  the  preservation  of 
food  by  heat.  It  was  an  obvious  development  in  regions  where  natural  ice 
was  available  for  at  least  a  part  of  the  year,  and  with  the  introduction  of 
artificial  ice  it  became  universal.  Meat  packing  and  the  distribution  of 
perishable  food  could  not  have  reached  their  present  great  economic  im¬ 
portance  without  artificial  refrigeration.  Commercial  refrigeration  has 
changed  the  dietary  habits  of  people  throughout  the  world. 

The  first  practical  device  for  freezing  and  cold  storage  of  fish  was  in¬ 
vented  by  Enoch  Piper  of  Camden,  Maine,  who  obtained  a  patent  in  1861. 
The  first  cargo  of  frozen  meat  received  in  England  was  shipped  from 
Melbourne,  Australia,  in  1873. 

Refrigeration  may  be  divided  into  two  types :  storage,  which,  -in  this 
discussion,  is  the  refrigeration  of  foods  at  temperatures  just  above  32°  F., 
and  “freezing”  which  refers  to  refrigeration  at  temperatures  well  below 
this  temperature. 


Cold  Storage 

Cold  storage  warehouse  temperatures  vary  from  0°  to  40°  F.  depending 
upon  the  food  being  held.  Cold  storage  procedures  are  utilized  to  extend 
the  short  natural  season  of  foods  throughout  the  year.  It  is  not  profitable 
to  keep  food  in  storage  after  the  second  season  and  many  state  laws  prohibit 
this  practice. 

While  refrigeration  is  now  indispensable  to  the  food  producei  and  dis¬ 
tributor  and  of  tremendous  importance  to  the  consumer,  it  has  introduced 
many  problems  in  sanitation  and  public  health  in  the  preparation  and 
handling  of  foods,  both  in  the  factory  and  in  the  home. 

Foods  may  enter  cold  storage  rather  seriously  contaminated  with  micro¬ 
organisms,  so  that  great  care  must  be  exercised  to  prevent  spoilage  Rela¬ 
tive  humidity  is  very  important  in  the  refrigeration  of  foods,  loo  ng  i  a 
relative  humidity  permits  or  stimulates  the  growth  of  molds,  and  too  low 
a  relative  humidity  leads  to  the  dehydration  of  the  food  until  it  may  become 
practically  inedible.  Fruit,  vegetables,  eggs,  cheese,  butter,  lard  and  meat 
are  kept  at  85  percent  relative  humidity  with  dried  products  at  about  5 
percent.  Maintenance  of  these  conditions  requires  ventilation  and  air 
movement.  Furthermore,  since  many  bacteria,  yeasts,  and  molds  grow  a 
temperatures  just  above  freezing,  and  enzymic  and  chemical  changes 
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slowly  progress  at  low  temperatures,  tlie  length  of  time  such  products 
can  he  retained  satisfactorily  and  pi-ofitably  under  cold  storage  conditions 
is  limited. 

41ie  apple  is  the  principal  fruit  held  in  cold  storage,  although  other  fruits, 
such  as  pears  and  plums,  are  also  held  successfully.  Although  usually 
contaminated  with  micro-organisms,  the  relatively  thick  skin  of  the  apple 
is  covered  naturally  With  a  protective  waxy  coating,  and  spoilage  is  gen¬ 
erally  confined  to  areas  surrounding  abrasions  or  bruises  in  the  skin  and 
tissue  beneath.  To  withstand  long  commercial  storage,  the  best  apples 
(in  some  cases  wrapped  in  paper)  are  hand  packed  into  strong,  clean 
baskets  or  boxes.  Since  the  containers  remain  unopened  during  storage, 
the  only  protection  against  spoilage  is  the  maintenance  of  the  proper  tem¬ 
perature  and  relative  humidity  witliin  the  storage  rooms.  This  fact  makes 
it  imperative  that  the  apples  shall  be  clean  when  packed.  Residues  of 
insecticides  sprayed  on  the  fruit  during  growth  should  be  removed  before 
packing.  This  frequently  requires  washing  in  water  or  weak  detergent 
solutions,  brushing,  and  drying. 


Practically  all  fruits  absorb  strong  foreign  odors  in  cold  storage  and 
many  fruits  also  give  off  relatively  strong  pungent  odors.  For  this  reason 
fruits  in  storage  should  be  isolated  from  other  food  products.  In  fact  dif¬ 
ferent  types  of  fruit  should  be  stored  separately. 


Fruit  mixed  with  sugar  has  been  commercially  preserved  by  cold  storage 
since  1910.  Berries,  peaches,  pineapples,  and  cherries  are  the  fruits  most 
commonly  preserved  in  this  way.  Such  fruits,  usually  packed  in  barrels  or 
other  large  containers,  are  used  in  the  manufacture  of  jams  and  jellies 
ice  cream,  candies,  pies,  etc. 

Berries  should  be  carefully  picked  over  or  inspected.  The  marks  left  by 
insects  may  be  very  small,  although  the  eggs,  larvae,  or  even  the  insects 
themseh-es  may  be  inside  the  fruit.  ^lechanical  methods  have  been  de- 
ve  oped  for  some  of  this  sorting.  Berries  are  iiarticularly  susceptible  to 
<lecompos,t,on  <U„mg  handling.  The  fruit.s  ai'e  <lelioate  and  eaaily  injn.-ed 

tvnp“r'  *  proceeds  rapidly.  Any 

type  of  incipient  spoilage  i.s  more  serious  in  fruit  foi'  freezing  Ilian  in  fruit 
for  canning  or  preserving. 

Berries  .and  cherries  are  naturally  contaminate.l  with  yeast  molds  hac 

-1  tonipBi citin'G  used  for  Iroo/iiio'  +  i  •  > 

the  most  important  factors  in  the  "lit  ^0^1  -I?) 

temperature  of  approximately  40°  F  is  generallv  i  T  '*i 

J  .  S  geneiall^i  considered  necessary  to 
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inhibit  fermentation,  most  products  should  be  completely  cooled  below 
that  temperature  within  as  short  a  time  after  packing  as  possible.  Micro¬ 
bial  activity  will  continue  slowly  even  if  cooled  below  13°  F.,  yeasts  and 
molds  having  been  found  to  increase  at  20°  F.  Methods  for  pre-cooling  the 
pack  or  the  use  of  small  containers  to  insure  rapid  cooling  is  therefore 
desirable. 

Several  kinds  of  fresh  vegetables  may  be  held  under  refrigeration  for 
short  periods  of  time.  Although  low  temperatures  are  used  to  delay  spoilage, 
this  practice  does  not  permit  long  holding  and,  therefore,  is  not  included 
here  as  an  instance  of  the  cold  storage  of  foods.  The  potato  is  the  principal 
vegetable  which  may  be  placed  in  cold  storage  for  several  months  with 
commercial  profit.  Bags  or  barrels  of  them  are  delivered  to  the  cold  storage 
warehouse  and  usually  are  not  opened  during  storage.  As  they  do  not  spoil 
readily,  maintenance  of  the  proper  temperature  and  relative  humidity 


during  storage  is  generally  sufficient. 

Although  vegetables  which  have  been  in  contact  with  the  soil  are  con¬ 
sidered  as  potentially  carrying  the  spores  of  Clostyidiutn  hotulinwni,  caie  in 
packing  clean,  properly  prepared,  sound  products  and  in  maintaining  them 
in  a  frozen  condition  precludes  serious  danger  of  botulism. 

The  proper  preservation  of  shell  eggs  by  refrigeration  has  made  satis¬ 
factory  eggs  available  in  the  urban  centers  throughout  the  year,  and  has 
resulted  in  a  marked  increase  in  their  consumption.  Although  eggs  aie 
not  frozen  in  storage,  bacterial  deterioration  is  prevented  or  greatly  le- 
tarded.  However,  as  enzymic  breakdown  and  shrinkage  (i.e.,  loss  of  water 
accompanied  by  shrinkage  of  the  egg  white  and  enlargement  of  the  air 
cell)  do  occur,  after  several  months  of  storage  most  eggs  show  unmistakable 
signs  of  deterioration.  A  high  relative  humidity  in  the  storage  rooms 
reduces  shrinkage,  but  often  promotes  the  growth  of  molds  on  the  shells 

and  wooden  cases.  ,  ,  , 

The  breakdown  of  the  egg  apparently  is  brought  about  by  an  enzyin  c 

action  on  the  white  or  high  protein  portion.  This  activity  is  ^ 

ilcvelopment  of  an  increased  alkalinity,  approaching  a  pH  of  8.0  as  tt  e 
optimum  for  its  activity.  The  increased  alkalinity  ol  the 
to  a  continued  los.s  of  carbon  iloi.viile  normally  present  m  the  egg  he 
natural  carbonic  acid  content  of  the  eggs  may  be  maintained  by 
methci  by  ptovitling  a  small  amount  of  the  gas  i" 

egg  storage  rooms  or  by  methods  corsiderably 

wlPph  mav  or  may  not  be  satin atcci  ^MIIl  .  .i  i  i 

;  1  e  H  enzvmi;.  deterioration  of  eggs  in  storage.  The  oil  "  - 
Ld'leil  advantage  of  retarding  the  loss  of  carbon  dioxide  gas  after  the  eggs 


are  removed  from  storage. 

Egg  shells  are  very  porous,  and  eggs 


quickly  absorb  foreign  odors.  These 


TABLE  1 

Storage  Conditions  and  Properties  of  Some  Perishable  Products 


Product 


Fruits 

*Apples . 

*Bananas. . . . 

Berries . 

Cantaloupe. 
*Grapefruit. . 

*Lemons . 

*Oranges  .  .  .  . 

Peaches . 

Pineapples . 


Vegetables 

Asparagus . 

Beans  (string).  .  .  . 

Beets . 

Cabbage . 

Celery . 

Cucumbers . 

Onions . 

Potatoes . 

Tomatoes . 

Meats 

Bacon . 

Beef  (fresh) . 

Hams  &  loins . 

Livers . 

Pork  (fresh) . 

Poultry  (frozen).  . 
Sausage  (smoked). 
Veal . 


Miscellaneous 
**Beer  (wood  kegs).  . 
***Beer  (steel  kegs). . . 

Butter . 

Cheese  (American). 
Cheese  (Swiss). . .  . 

Eggs  (frozen) . 

Lard . 

Milk . 

Oleo . 


Range  of 

Optimum 

Storage  Temp. 
T.  Over  2 
Weeks 

Humidity 
Percent 
Forced  Air 

Freezing 
Point  °F. 

Maximum 
Storage  Period 

Warehouse 

Circulation 

30-32 

88 

28.5 

8  Months 

55-56 

80 

26-30 

10  Days 

31-33 

85 

26-29 

7  to  20  Days 

50-55 

85 

30.5 

20  Days 

32-34 

90 

28.5 

90  Days 

50-55 

85 

28 

90  Days 

32-34 

85 

28 

2  Months 

31-33 

85 

29.5 

30  Days 

38-40 

85 

28 

30  Days 

32-34 

90 

30 

30  Days 

32-34 

90 

30 

30  Days 

32-34 

90 

27 

7  to  90  Daj's 

32-34 

95 

31 

4  Months 

31-33 

90 

30 

2  to  4  Months 

50-60 

85 

30.5 

10  Days 

32-34 

75 

30 

5  to  6  Months 

38-42 

90 

29 

6  Months 

50-55 

85 

30.5 

10  Days 

28-30 

85 

— 

15  Days 

30-32 

87 

27 

3  Weeks 

28-30 

85 

27 

3  Weeks 

20-22 

80 

29 

6  Months 

30-32 

85 

28 

15  Days 

0-5 

85 

27 

10  Months 

32-40 

80 

25 

6  Months 

28-30 

87 

29 

15  Days 

34-38 

85 

28 

6  Months 

34-38 

70 

28 

6  Months 

15 

SO 

30-0 

6  Months 

32-34 

80 

17 

15  Months 

38-42 

SO 

15 

60  Days 

0-5 

60 

27 

18  Months 

32-34 

35-40 

34-36 

SO 

70 

80 

31 

6  Months 

5  Days 

90  Daj's 

ties  require  ventilation  at  the 


r-al  n'f  f‘  “l.preciuhle  quanti- 

Woo<len  beer  kegs  weigh  60  Ihs  ea“cl,  n  fr 

>Sree,beerkegs^e:g,Lltre::i;rhtra^:^^^^^^^ 
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may  arise  from  other  food  products  in  the  same  warehouse  room  or,  what 
is  much  more  objectionable,  from  dirty  cases  or  packing  materials  which 
have  become  soiled  from  broken  or  dirty  eggs.  Eggs  in  storage  give  off 
considerable  odor,  making  proper  methods  of  forced  ventilation  desirable. 
The  floors  and  equipment  in  the  storage  rooms  should  be  kept  clean.  The 
walls  and  ceiling  should  be  painted  or  whitewashed  before  the  eggs  are 
stored.  Water  should  be  kept  off  the  floor,  walls,  and  ceiling,  and  careful 
control  of  both  relative  humidity  and  temperature  must  be  maintained  at 
all  times. 

Cold  storage  plants  should  be  periodically  cleaned  prior  to  packing  with 
food.  This  may  be  accomplished  by  sweeping  but  if  floor  drains  are  provided 
the  walls  and  floor  should  be  hosed.  Catch  basins  should  be  installed  to 
keep  debris  from  clogging  the  sewer.  Since  the  number  of  persons  required 
to  operate  a  plant  is  small,  normally  one  well  equipped  lavatory  is  satis¬ 
factory. 


Quick  Freezing 

For  many  years  the  only  method  of  freezing  foods  (as  distinct  from  cold 
storage)  was  to  hold  them  in  rooms  maintained  below  32°  F.,  generally 
from  0°  to  15°  F.  Modern  methods  have  changed  this  considerably. 

About  5  million  pounds  of  food  are  frozen  in  the  United  States  annually.® 
There  are  at  least  20  “quick  freeze”  processes  in  use.  Basically  these 
consist  of  immersion  in  liquids,  gas  and  air,  or  plate  surface  contact.  In 
these  processes  fresh  foods  are  packed  into  containers,  immediately  fiozen 
in  not  more  than  30  minutes,  and  subsequently  delivered  to  the  consumer 
in  the  original  package.  In  the  original  Birdseye  process  cold  brine  was 
sprayed  on  the  outside  of  a  conveyor  belt  freezing  the  food  carried  on  it. 
In  a  later  modiflcation,  food  is  placed  on  plates  stacked  in  a  frame  through 
which  ammonia  is  circulated  in  an  expansion  system.  Cold  air  blasts,  direct 
spraying  with  brine,  and  passage  through  a  pre-cooled  tunnel  are  otier 
methods.  The  plate  or  surface  type  is  the  most  popular  giving  the  greatest 
freezing  per  unit  area  with  lowest  maintenance  costs. 

Freezing  is  accomplished  between  -10”  F.  and  -30”  F..  an,l  depending 
upon  the  process  used,  may  be  eitlier  a  batch  or  continuous  process.  Meats, 
fLh,  vegetables,  fruits,  fruit  juices,  shell  fish,  and  pre-cooked  food  are 
now  quick  frozen  and  commercially  available,  hor  individual  package 
freezing  a  gas  tight,  moisture  proof,  cellophane  paper  is  essential  to  prevent 

"  Ve'Sbles  selected  tor  “freezing”  or  “cold  pack”  are  1-pared  in  mi^ 
the  same  way  as  for  canning.  In  fact,  the  entire  preparation  an  pack  ng 
may  be  Carrie, 1  out  satisfactorily  ami  efficiently  in  a  c—.  >f 
containers  are  put  in  freezing  storage  immediately.  Washing,  t.imming, 
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and  sorting  should  be  done  in  the  shortest  time  possible.  Delay  may  impair 
the  (piality,  especially  if  there  is  also  delay  in  freezing,  as  in  the  slow 
freezing  process.  Unlike  fruits,  which  contain  considerable  sugar  and  acid 
and  are  likely  to  undergo  fermentation  by  yeasts,  vegetables  contain  little 
or  no  sugar  and  acid  but  are  more  subject  to  decomposition  by  bacteria. 

As  a  rule,  the  vegetables  are  packed  into  containers  by  hand,  l^efore 
freezing,  they  are  usually  blanched  in  scalding  water  or  steam.  A  egetables 


Fig.  9.  Retail  sanitary  frozen  food  display  cabinet,  Baltimore,  INId.  (Courtesv 
Wagner’s  Food  Stores.) 


should  be  ]iacked  and  frozen  immediately  after  blanching.  Delays  mean 
incipient  microbial  spoilage.  Frozen  fruits,  vegetaliles,  and  meats  are  held 
at  0  F.  and  retain  their  natural  flavors  for  at  least  0  months.  A  bacterial 
standard  of  100,000  organisms  per  gram  after  72  hours  incubation  at 
37  C.  with  absence  of  E.  coli  has  been  proposed.  Good  sanitation  and 
cleanliness  in  the  plant  will  remove  any  danger  of  botulism.  A  water  supply 
comparab  e  in  purity  to  that  recpiired  for  drinking  water  is  necessary, 
paiticulaily  when  brine  sprays  or  immersion  procedures  are  used. 

le  packaging  and  processing  departments  must  be  kept  scrupiiloiislv 
C  ea„,  I.<„„p.nent  and  Hoons  nn.t  l,o  l.osed  d.nvn,  utonjls  cleaned  and 
ize<l  with  steam  or  iii  chlorine  water  or  other  bactericidal  agent,  and 
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hot  water  must  be  available  for  scrubbing  tables  and  walls.  Freezing  belts 
and  i)lates  must  be  inspected  and  cleaned  after  use  each  day  since  con¬ 
tamination  from  spilled  packaged  goods  is  unavoidable. . 

1  he  letail  display  cabinet  is  an  important  factor  since  it  is  not  under  the 
diiect  supervision  of  the  quick  freeze  processor.  The  local  merchant  must 
be  trained  to  keep  it  clean,  defrost  it  at  stated  intervals  and  be  educated 


to  realize  that  only  by  so  doing  will  high  quality  products  be  satisfactory 
to  customers. 

As  defrosted  cold-packed  fruits  are  more  susceptible  to  fermentation 
than  are  fresh  fruits,  these  materials  should  be  maintained  in  a  continuously 
Irozen  condition,  not  only  during  storage  but  also  during  transportation, 
in  the  retail  store,  and  in  the  home  until  just  before  consumption. 

Although  properly  controlled  refrigeration  preserves  foods  satisfactorily 
for  months,  and  solid  freezing  preserves  some  products  for  years,  foods  are 
\'ery  susceptible  to  spoilage  when  removed  from  refrigeration.  This  is  in 
marked  contrast  to  the  commercial  preseiA’-ation  of  foods  by  heat,  since  in 
canning  the  major  causes  of  decomposition,  namely,  micro-organisms  and 
enzymes,  are  inacti\"ated  bj^  the  sterilization  process.  Foods  remo\'ed  from 
refrigeration  are  as  a  ride  highly  perishable,  and  this  should  be  kept  in 
mind  in  all  handling. 


Food  Lockers 

Food  locker  freezers  were  developed  about  1900  Avhen  cold  storage  plants 
furnished  space  for  private  use  in  the  chill  rooms.  Later,  freezing  sections 
were  added.  The  first  modern  type  locker  plant  was  installed  in  1913. 

The  installations  freeze  food  and  hold  it  in  storage  for  individual  use. 
They  supply  steel  compartments  varying  from  4^  to  25  cubic  feet  capacity 
in  large  freezer  rooms  kept  at  0°  F.  with  the  relative  humidity  between  80 
and  85  percent.  The  compartments  are  rented  to  persons  and  provide  for 
direct  access  to  the  contents.  In  addition,  cpiick  freezing  facilities  are 
available  upon  a  fee  basis  and  the  plants  are  equipped  for  the  cutting, 
preparing,  Avrapping,  and  packaging  ol  meats,  fruits,  and  A’egetables.  A 
cellophane  type  of  paper  is  used  to  retard  dehydration. 

The  preparation  and  locker  rooms  must  be  constructed  of  impervious 
materials,  be  furnished  with  a  supply  of  hot  and  cold  water,  and  be  Avell 
ventilated  and  lighted.  Forced  ventilation  is  generally  used  in  the  locker 
room.  Ecpiipment  and  rooms  must  be  cleaned  daily.  Since  compartments 
are  jirivate,  only  general  supervision  of  their  cleanliness  may  be  required  o 
the  plant  oiAerator.  Normally  one  Avell  eipiipped  lavatory  for  each  sex  is 

sufficient  for  sanitary  reiiuirements.  .  ,  . 

The  following  major  items  should  be  considered  in  planning  the  con¬ 
struction  of  a  food  locker  plant:  preparation  of  plans  by  competent  engi- 
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neers;  proper  use  of  low  heat  conductance  material;  uniform  compressor 
facilities;  and  standby  electric  service.*® 


Preserving 

This  term  as  applied  to  the  preservation  of  food  is  usually  restricted  to 
a  process  of  partial  cooking  with  sugar.  INIost  pieseives,  jams,  and  jellies 
are  fruit  products,  although  a  few  vegetables  are  preserved.  Fresh  fiuit 
and  frozen  fruit  either  with  or  without  sugar  are  the  materials  used  by 
the  jam  maker.  The  observance  of  all  of  the  precautions  listed  under  the 
section  on  canning  of  fruits  and  vegetables  is  quite  as  applicable  here. 
Over-ripe  fruit  or  fruit  which  is  partially  fermented  will  not  yield  a  product 
of  good  texture  and  satisfactory  flax'or.  The  high  temperature  at  which 
jams,  jellies,  and  preserves  are  cooked  usiuilly  assures  the  destruction  of 
micro-organisms.  It  is  advisable  to  transfer  the  hot  material  at  once  to 
the  retail  packages  and  (piickly  seal  them.  The  preserver,  like  the  canner, 
should  realize  that  he  is  dealing  with  a  highly  perishable  product  and  that 
only  l)y  careful  control  of  the  cleanliness  of  his  factory  can  he  expect  to 
produce  a  sanitary  product. 


Pickling 


The  preservation  of  foods  by  pickling  is  an  important  industry  in  the 
United  States.  Cucumbers,  cabbage,  onions,  peppers,  cauliflower  and  green 
tomatoes  are  the  principal  products  prepai'ed  in  this  manner. 

Cucumbers,  the  most  important  of  the  pickles,  are  finished  as  sweet, 
sour,  or  dill  pickles.  During  rainy  seasons,  cucumbers  may  arrive  at  the 


pickling  stations  covered  with  earth.  There  is  a  difference  of  opinion  among 
operators  as  to  whether  cucumbers  should  be  washed  before  salting,  since 
washing  affects  the  subseciuent  fermentation  and  cure,  as  the  naturally 
adhering  micro-organisms  are  responsible  for  the  fermentation. 

Cucumbers  are  usually  graded  for  size  by  machinery  and  then  dumped 
into  large  vats  and  immediately  covered  with  a  brine  of  from  8  to  15  per 
cent  concentration  of  salt.  Fermentation  develops  rapidly  and  some  lactic 
acid  IS  produced  which  is  Vielieved  to  influence  the  (piality  of  the  product. 
In  some  plants  the  pickling  vats,  holding  in  some  cases  1,000  bushels  of 
gieen  cucumbers,  are  located  outside  the  plant  and  are  left  uncovered.  This 
practice  permits  the  weakening  of  the  brine  by  rain,  and  unless  the  brine 
IS  frequently  checked  and  more  salt  added,  the  strength  may  be  reduced  to 
a  point  where  the  cucumbers  will  soften  and  rot.  If  the  vats  are  covered 
however,  the  absence  of  sunlight  permits  the  deNxdopment  of  Mrjcodcrma 

of  the  cuaimbeis.  Covered  vats  must  bo  skimmed  freciuently  durinv  the 
fermentabon  and  storage  periods.  The  fully  termenterl  cucumbers  are  then 


ft£< 
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ready  for  final  manufacture  into  sour  or  sweet  pickles  or  pickle  products. 
1  he  fermented  stock  is  soaked  to  remove  the  excess  salt  and  then  thoroughly 
washed  and,  if  necessary,  brushed  to  remove  adhering  grit.  The  stock  next 
goes  to  the  pickling  vats  where  the  hot  or  cold  vinegar,  spices,  etc.,  are 
added  and,  in  some  processes,  a  mild  cooking  is  given  but  not  sufficient  to 
soften  the  finished  product.  To  produce  a  satisfactory  quality  of  product 
the  same  caie  must  be  exercised  in  the  control  of  pickling  operations  as  in 
canning. 

Onions,  peppers,  cauliflower,  and  green  tomatoes  are  pickled  in  a  brine 
containing  at  least  15  percent  sodium  chloride.  Although  a  short  fermentaion 
may  occur,  it  is  not  a  vital  part  of  the  curing  process.  However,  if  the  vats 
are  located  indoors,  Mycoderma  will  grow  upon  the  surface  of  strong 
brines,  and  must  be  regularly  skimmed  off.  Provision  for  disposal  of  the 
scum  should  be  provided,  and  the  plant  kept  scrupulously  clean.  Other¬ 
wise,  the  quality  of  the  finished  product  will  be  impaired. 

Cabbage  is  manufactured  into  sauerkraut  by  a  fermentative  and  curing- 
process,  which  is  controlled  largely  by  added  salt  (sodium  chloride).  Cab¬ 
bage  is  relatively  resistant  to  deterioration  for  a  few  days  after  harvesting, 
allowing  ample  opportunity  for  delivery  to  the  factory,  shredding,  and 
packing  into  vats  before  serious  deterioration  begins.  Worm-eaten  areas 
should  be  carefully  trimmed  away  along  with  the  outer  leaves. 

The  shredded  cabbage  is  uniformly  salted  and  packed  solidly  into  vats 
to  avoid  unsalted  areas  and  pits  where  deterioration  may  take  place. 
E\'^ery  precaution  should  be  taken  to  ensure  proper  initial  salting,  as  further 
salting  of  the  full  and  headed  vats  is  not  practicable.  The  vats  should 
be  under  cover  and  within  a  screened  enclosure  to  avoid  dilution  of  the 
brine  by  rain  and  to  prevent  contamination  by  insects. 

Because  of  its  relatively  high  acidity,  cabbage  sauerkraut  is  i-eadily 
preserved  in  cans  by  a  short  pasteurization. 


BAKERY  AND  CONFECTIONARY  PRODUCTS 

In  the  United  States  before  1850,  bread  was  produced  primarily  in  the 
home,  whereas  today  the  baking  industry,  a  billion  dollar  business,  supplies 
most  needs. 

Bread,  rolls,  cakes,  cookies,  crackers,  and  pies  are  the  majoi  bakeiy 
products.  The  sanitary  aspects  of  their  manufacture  may  be  considered 
under  tliree  headings:  the  sanitary  condition  of  the  ingredients,  the  neces¬ 
sary  sanitary  precautions  in  the  manufacturing  processes  m  the  bakery, 
and  the  sanitary  precautions  used  in  handling  the  finished  products  in 

disfribution.  .  .  j  .  r.  u 

Flour,  sugar,  salt,  dried  or  frozen  eggs,  spices,  raisins,  and  other  fruits 
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should  be  clean  and  wholesome  when  received  at  the  bakery,  and  during 
any  holding  period  they  should  be  protected  from  insects,  rodents^  and 
other  sources  of  contamination.  Every  properly  equipped  bakery  must 
have  ample  refrigeration  space  for  the  storage  of  fresh  and  frozen  eggs  and 
other  perishable  materials,  such  as  pie  fillings.  In  the  manufacturing 
operations  rigid  principles  of  sanitation  should  be  strictly  enforced.  For 
example,  doughs  should  be  set  to  rise  (by  yeast  fermentation)  in  air  con¬ 
ditioned  rooms,  and  cake  frostings  and  cake  and  pie  fillings  should  be 
protected  from  flies  and  other  insects.  Frozen  eggs  should  be  defrosted 
only  as  needed  and  used  immediately.  Pans  and  utensils  should  be  cleaned 
and  thoroughly  dried  immediately  after  use.  The  entire  bakery  should  be 
well  screened,  well  lighted,  and  thoroughly  protected  from  the  accumulation 
of  waste  products  and  from  outside  odors. 

“Ropiness”  in  bread  often  indicates  lack  of  sanitation.  “Ropiness”  is  an 
area  of  soft  and  sticky  dough  within  a  loaf  of  bread,  caused  by  the  growth 
of  spoilage  bacteria  of  the  Bacillus  mesenterious  group.  The  spores  of  this 
micro-organism  are  widely  distributed  in  the  soil,  and  frequently  may  be 
isolated  from  flour.  A  general  contamination  of  the  walls,  floors,  and 
equipment  of  a  bakery  with  the  spores  of  this  micro-organism  will  lead  to 
serious  contamination,  impairing  the  quality  and,  if  uncontrolled,  resulting- 
in  almost  certain  spoilage  of  the  bread.  The  addition  of  very  small  amounts 
of  sodium  propinate  in  the  wrapper  will  inhibit  mold  growth. 

The  walls  of  a  baking  room  should  be  washed  frequently  and,  unless 
they  are  finished  with  tile,  frequently  repainted.  The  building  should  be 
rat  proofed  and  kept  free  from  insects. 

The  precautions  necessary  for  the  sanitary  handling  of  bakery  products 
mean  much  to  the  profits  of  the  baker,  and  they  mean  much  to  the  health 
of  the  consumer.  Many  bakery  products  are  highly  susceptible  to  de¬ 
composition,  certain  types  of  which  may  cause  serious  cases  of  food  poi¬ 
soning  Frostings,  fillings  of  cakes,  pies  and  tarts,  rich  pastries,  etc.,  offer 
avorable  conditions  for  bacterial  spoilage.  So  much  publicity  is  usually 
given  to  cases  of  food  poisoning  resulting  from  the  consumption  of  com- 
meicia  y  prepared  food  that  some  bakers  refuse  to  manufacture  such 
ighly  perishable  articles  as  cream  puffs  and  similar  custard  pastries 

esubusrd  "y 

iGC[U6st  of  loccil  hecilth  authontiGs.  ^ 

liaiidling  of  bakeiy  products  during  transportation  and  in 
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I  se  of  vacuum  cleaners  instead  of  brooms  during  cleaning  operations 
will  pay  sanitation  dividends  by  keeping  down  dust  and  its  attendant 
liacterial  contamination. 


The  baker  and  retailer  of  bakery  products  must  be  trained  to  realize 
that  the  nature  of  the  product  and  the  method  of  consumption  place 
upon  him  an  obligation  greater  than  the  dispenser  of  other  types  of  food, 
since  his  product  is  ordinarily  eaten  “out  of  hand,”  that  is,  consumed  as 
received,  without  additional  cooking. 


Fm.  in.  Retail  sanitary  bakery  display,  Newark,  N.  J.  (Courtesy,  Dugan  Broth¬ 
ers,  Photogra])h  Halsey  Douglas.) 


BOTTLING 


Large  (quantities  of  non-alcoholic,  still  and  carbonated  beteiages  aie 
manufactured  each  year.  The  (quality  of  all  raw  materials,  and  the  care 
and  cleanliness  of  the  e(quipment  and  of  the  bottles  used,  determine  not 
only  the  wholesomeness  but,  in  a  large  measure,  the  keeping  (quality  of  the 


finished  beverage.  . 

Water  is  the  basic  ingredient  of  these  products,  and  its  sanitary  condition 

should  be  e(qual  to  the  best  drinking  water,  v^ome  bottlers  take  the  qirc- 
caution  of  distilling  all  water  used.  A  small  amount  of  mineral  matter  m 
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solution  which  would  bo  permissiblG  in  drinking  water,  may  lead  to  clouding 
and  precipitation  in  bottled  beverages.  Such  impurities  usually  must  be 
removed  by  water  softeners  or  by  chemical  purification. 

Bottled  carbonated  beverages  and  imitation  truit  juices  contain  sugar 
and  often  citric  or  other  organic  acid,  coloring  matter,  and  carbonic  acid. 
Solutions  of  flavoring  materials  which  contain  a  fruit  base  are  susceptible 
to  spoilage;  consecpiently  only  such  quantities  should  be  prepared  as  can 


fk;.  J1  l^ottling  carbonated  beverages.  (Courtesy,  Coca  Cola  Bottling  Co 
Photograph  t)y  Mettee  Studio.) 


) 


l>c  quK-kly  utilized.  The  growth  of  yo.-ist.,  baeteria,  or  molds  in  soIiition.s  of 
coloring  or  flavoring  materials  usually  lea, Is  to  serious  contamination  of 
bottled  beverages,  and  often  to  spoilage,  d'l.e  syrup  room,  the  very  heart 
o  a  bottlmg  iilant,  should  be  kept  scruimlously  clean  and  fully  screened 
against  flies,  and  the  equipment  should  be  .sterilized  between  hatidies 

pmeeZe"  “  '>y  .  insing  is  an  excellent 

^  east  and  mold  spoilage  will  occur  if  BrUfio/i  is 

-.1  e  ,  1  fs  "lo  uoi  111  n  Dottled  lieveraties  are  oronorod 

th  fermented  raw  ingredients,  if  microbial  growth  hafl  e^p  n^t  . 

n,  pipe  lies  or  „t  er  equipment,  or  if  unclean  bottles  or  b  t  le  cap  ar 
ah  1  athogenic  bacteria  cannot  grow  in  carbonate.1  beverages,  and 


in 
used. 
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judging  by  tests  on  the  viability  of  colon-typhoid  bacteria  in  such  bottled 
products,  they  are  probably  killed. 

Methods  for  the  proper  cleansing  of  used  bottles  in  soaker  type  washers 
followed  by  a  strong  spray  of  hot  water  have  been  developed.  A  mixture 
of  caustic  soda  and  sodium  phosphate  is  considered  the  best  detergent 
since  it  cleans  and  also  has  germicidal  effectiveness.  The  clean  bottles  are 
inspected  before  and  after  filling,  leaving  the  bottler  to  detect  foreign 
particles  and  to  remove  cracked  bottles.  The  fact  that  beverages  are  con¬ 
sumed  practically  as  prepared  at  the  plant  obligates  the  manufacturer  to 
produce  products  that  are  above  question  in  sanitary  quality. 


DEHYDRATION 


The  oldest  process  of  food  preservation  is  drying.  The  older  method  of 
sun  drying  has  generally  been  replaced  by  artificial  procedures,  designated 
as  dehydration.  Where  climatic  conditions  provide  long  rainless  periods, 
and  high  solar  heat,  fruits  and  vegetables  are  sun  dried.  Several  days  are 
required  at  temperatures  of  about  120°  F.  The  fruits  especially  suitable  to 
this  process  are  apples,  apricots,  currants,  peaches,  pears,  prunes  and  grapes. 

Sorting  on  well  lighted  tables  to  provide  good  quality  and  uniformity  is 
important  prior  to  drying.  Apples,  pears,  peaches  and  apricots  darken 
upon  exposure  to  air.  The  discoloration  can  be  prevented  by  treatment 
with  sulfur  dioxide,  accomplished  by  placing  the  trays  of  freshly  cut  fruit 
in  specially  constructed  ‘Turning”  houses,  where  it  is  subjected  to  the  fumes 
of  burning  sulphur.  The  process  is  carefully  controlled  to  avoid  an  excess 
of  sulphur  dioxide  remaining  in  the  finished  fruit.  This  treatment  also 
kills  insect  infestation.  Sun  dried  fruit  is  subject  to  insect  infestation  and. 


unless  the  drying  yards  are  fully  protected  and  carefully  patrolled,  othei 
objectionable  forms  of  contamination  may  occur  from  rats,  mice,  birds 
and  fowls.  In  the  preparation  of  foods  of  which  dried  fruit  is  one  of  the 
ingredients,  a  thorough  washing  of  such  products  as  currants  and  laisins 

is  usually  essential. 

Forced  draft  dryers  or  dehydrators  with  controlled  temperatures  are 
used  for  artificial  drying.  The  kiln  (batch)  and  tunnel  or  conveyor  (con¬ 
tinuous)  are  the  most  common  forms.  A  robary  kiln  is  also  used.  Air  at 
165°  F  with  not  more  than  25  percent  relative  humidity,  is  admitted  at 
velocities  between  GOO  and  1,000  cubic  feet  per  minute.  The  exhaust  air 
contains  about  G5  percent  humidity  and  has  a  temperature  of  about 
135°  F.  The  moisture  content  of  dehydrated  fruits  and  vegetables  is  held 

‘"r)ryd™tL  tunneb  are  long  rooms  in  winch  the  products  arc  moved 
forward  against  a  counter  current  of  air.  The  foo<l  is  laid  on  arge  trays 
about  3  feet  by  G  feet  which  are  stacked  on  trucks  and  passed  tliioug 
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tunnel.  The  tunnels  are  about  50  feet  long  and  drying  requires  from  6  to 
8  hours.  A  similar  arrangement  is  used  for  the  compartment  dryer  with  the 
air  passing  from  bottom  to  top. 

^Tgetables  are  blanched  prior  to  dehydration  to  prevent  darkening  by 
inhibiting  the  enzymes  present.  Leafy  vegetables  must  be  placed  in  the 
dehydrator  within  3  hours  after  being  cut.  Tuberous  vegetables  may  be 
safely  held  for  about  a  week  before  drying. 

Fruits  are  marketed  in  paraffined,  paper  lined,  wooden  boxes  and  indi¬ 
vidual  pastboard  cartons.  The  dried  fruit  is  packed  into  them  under 
pressure  forming  a  solid  block  which  retards  air  and  moisture  penetration. 
This  tends  to  preserve  the  contents.  Vegetables  are  packed  in  consumer 
size,  paper  cartons;  the  contents  do  not  keep  well  and  should  be  used 
immediately  upon  opening. 

Dehydrated  foods  are  susceptible  to  insect  infestation.  When  the  mois¬ 
ture  content  is  not  over  5  per  cent  this  is  reduced  to  a  minimum.  Fumiga¬ 
tion  of  stored  fruit  with  methyl  bromide  at  3  to  4  week  intervals  is  good 
practice  to  prevent  secondary  infestation.  Re-heating  of  dried  vegetables 
to  1-10°  F.  for  15  minutes  will  destroy  insect  infestation. 

Dried  and  dehydrated  foods  have  not  been  involved  in  food  poisoning 
cases  of  magnitude  and  it  may  be  concluded  that  they  are  relatively  free 
from  pathogenic  organisms.  Bacterial  standards  are  under  study  and  other 
than  to  suggest  the  absence  of  E.  coli  organisms  and  pathogens,  definite 
types  or  plate  count  density  have  not  been  agreed  upon.^^ 

Sanitation  at  dehydration  establishments  is  comparable  to  that  in  a 
canning  factory.  The  water  supply  must  meet  drinking  water  standards. 
Liquid  wastes  and  sewage  disposal  must  be  discharged  into  a  public  system 
or  a  septic  tank  and  tile  field.  Solid  wastes,  particularly  from  vegetable 
dehydration,  are  useful  as  stock  for  cattle  feed. 


ICE  MANUFACTURE 

Ice  is  manufactured  commercially  by  the  “can”  method.  Water  is  placed 
in  large  cans  which  are  then  immersed  in  tanks  of  brine  kept  at  low  tem- 
peiature  by  refrigeration.  Each  can  forms  a  300  pound  cake  of  ice  after  30 
hours  of  freezing.  A  stream  of  air  is  bubbled  through  the  freezing  water  to 
concentrate  the  solids  into  a  small  volume.  These  are  removed  by  pumping 
oiit  the  material  that  collected  in  the  center  of  each  can.  The  space  is  filled 
with  clear  water  just  liefore  the  cake  is  completely  frozen,  giving  a  crystal 
clear  product  for  marketing.  This  procedure  is  known  as  “pumping  the 


core. 


(Inly  water  ht  t„  ,lnnk  is  .suital.lo  lor  ice  making.  If  .a  private  water 
supply  used  .t  mu.st  meet  the  standards  require,!  of  municipal  supplies 
Frequently  hard  waters  are  softened  and  in  some  instances  the  supply  s 
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passed  through  activated  carbon  filters  to  remove  taste.  Filtration  through 
paper  discs  or  sand  filters  is  not  necessary  when  the  water  is  obtained  from 
a  modern  water  purification  plant  since  the  rust  and  other  granular  ma¬ 
terial  dislodged  from  pipe  lines  will  be  entrapped  in  the  core  and  removed 
when  pumped. 

The  frames  in  which  the  cans  of  ice  are  supported  during  the  freezing 
operation  are  frequently  covered  with  heavy  wooden  panels.  These  panels 
provide  a  convenient  place  for  workmen  to  walk  and  from  which  to  work 
while  placing  or  removing  the  cans  or  pumping  the  cores.  The  opportunity 
for  contaminating  material  from  the  shoes  of  employees  to  fall  into  the 
cans  is  obvious. 

Ice  storage  warehouses  are  usually  kept  clean  but  cake  ice  is  handled 
crudely.  Since  the  ice  and  surrounding  areas  are  too  cold  for  bacteria  to 
propogate  it  is  unusual  to  find  coliform  organisms  when  ice  is  tested. 
However,  much  could  be  done  to  improve  the  sanitation  of  loading  plat¬ 
forms,  delivery  equipment,  wagon  grinders  and  consumer  receptacles. 
Oregon  has  recently  enacted  a  law  regulating  the  manufacture  and  handling 
of  ice.^^  It  covers  pertinent  sanitary  features  and  will  be  administered  by 
the  State  Board  of  Health  through  a  permit  system.  This  is  the  first 
instance  of  the  control  of  this  industry  by  specific  law. 


RESTAURANT  CONTROL 


Both  the  public  and  the  restaurant  business  are  benefited  by  health 
department  supervision,  since,  basically,  education  in  sanitation  is  a  major 
factor  of  that  supervision.  Sanitary  standards  for  restaurant  operation 
are  determined  by  state  law  or  local  ordinance.  Most  states  have  adequate 
laws  controlling  eating  place  sanitation  as  do  many  cities  and  towns.  The 
laws  are  based  upon  a  grading  system  or  enforced  by  revocation  of  a  permit. 
A  recommended  code  has  been  formulated  by  the  United  States  Public 
Health  Service  as  a  guide  to  standardize  the  basic  sanitary  concepts  that 
should  be  included  in  local  laws."** 


Personnel 


fnnrls  e-lassware  and  dishes,  together  with  emphasis  upon  the  necessity  for 


tlw  - - 
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examinations  is  not  commensurate  with  the  public  health  benefits  ob¬ 
tained/’  This  is  demonstrated  in  the  recent  policy  established  by  the 
Illinois  Department  of  Public  Health  in  which  routine  physical  examina¬ 
tions  have  been  supplanted  by  an  educational  program/®  The  day  to  day 
health  of  employees  is  the  most  important  consideration  in  protecting  the 
public.  Exclusion  of  sick  persons  or  persons  suffering  from  infected  wounds 
from  all  food  handling  operations  is  the  best  control  method. 

An  initial  medical  examination  upon  employment  is  advantageous  since 
it  necessarily  includes  a  morbidity  history  of  the  patient.  When  the  ex¬ 
amination  discloses  a  history  of  typhoid  fever,  diphtheria,  acute  tubercu¬ 
losis,  or  any  other  illness  indicating  infections  transmissible  through  food 
or  drink,  freedom  from  pathogenic  infections  should  be  confirmed  by 
laboratory  tests  before  the  person  is  employed.  Persons  with  a  discharging 
infected  wound  or  lesion  should  not  be  permitted  to  handle  food,  utensils, 
or  equipment.  Infections  from  these  sources  often  are  the  cause  of  the 
staphyloccus  type  of  food  poisoning.  Only  as  management  and  employees 
realize  the  importance  of  not  working  as  a  food  handler  when  ill,  can  the 
incidence  of  these  infections  be  eliminated. 

Education  of  food  handlers  is  the  best  means  of  obtaining  sanitary 
restaurants.  Health  officials  recognize  this  fact  and  have  established  train¬ 
ing  courses  for  food  handlers  in  their  communities.  These  courses  cover 
personal  hygiene,  food  handling,  utensil  and  dishwashing,  and  insect  and 
rodent  control.  They  vary  from  a  single  session  of  2  hours  to  systematic 
programs  covering  10  or  more  hours  with  classes  meeting  twice  weekly. 
Phis  course  should  be  compulsory  for  restaurant  management  and  super¬ 
visory  staff  and  may  also  be  required  for  other  employees.  Some  cities 
lequiie  completion  of  a  prescribed  food  handler  training  course  as  a  requi¬ 
site  for  a  food  handler’s  certificate  or  permit. 


TooD  Handling 

Kefrigeration  of  perishable  foods  below  40°  F.  is  of  vital  importance  in 
restaurant  sanitation  Refrigerator  interiors  must  be  kept  scrupulously 

peimit  the  free  circulation  of  air  through  all  parts  of  the  storage 
space.  Flesh  meat  should  be  suspended  from  hooks  so  tliat  air  can  circulate 
around  each  piece.  Salads  and  other  foods  of  this  type  should  not  be  u^d 
er  oyei  night  stoi  age.  If  the  volume  of  business  is  large  a  refrigerator 
should  be  provided  for  frequent  opening  and  a  storage  box  for  less  freqiient 

Prepared  foods  such  as  salads,  hash,  or  left-overs  should  be  placed  in 


no 
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shallow  pans  preferably  not  o^Tn•  3  inches  deep  and  the  food  mass  held  to 
3  inches  in  thickness.  When  large  deei)  ciuantities  of  food  are  placed  in 
refrigerators,  an  extended  time  interval  may  elapse  before  the  entire  food 
mass  is  chilled  sufficiently  to  inhibit  bacterial  growth,  particularly  in  the 
center  portions.  Shallower  masses  of  food  permit  quicker  cooling  of  the 
entire  cpiantity,  preventing  hazards  of  staphyloccus  or  salmonella  poisoning. 

Acid  drinks  should  not  be  stored  in  containers  plated  with  cadmium 
since  the  acid  may  dissolve  sufficient  cadmium  to  give  rise  to  chemical 


poisoning  to  persons  drinking  the  liquids.  Cooking  acid  foods  in  galvanized 
iron  kettles  has  similarly  given  rise  to  zinc  poisoning,'  Prelerahly,  bottled 
drinks  should  not  be  stored  in  a  water  bath.  If  they  are,  the  water  should 
not  rise  higher  than  2  inches  below  the  top  of  the  bottles. 

Salads  and  other  foods  must  not  bo  mixed  with  the  hands;  a  large  spoon 
or  wooden  paddle  shoiihl  bo  employed.  \’egetables  eaten  raw  must  be 
thoroughly  scrubbed  with  clear  water  belore  use.  I’articulai  eaie  sioui 
be  exercised  in  preparing  such  foods  as  lettuce,  celery,  and  wateiciess. 
Clean  dry  food  storage  rooms  with  containers  arranged  in  an  orderly  hush.on 
denis  r  well  operaLl  establishment.  Broken  cartons  should  be  discarded 

and  the  food  reclaimed. 
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Steam  tables  and  similar  devices  are  used  to  keep  food  hot  between 
pre])aration  and  serving.  Unless  the  tables  are  kept  clean  and  at  a  suffi¬ 
ciently  hot  temperature  dangerous  deterioration  and  contamination  of  the 
food  may  result.  Steam  tables  should  be  drained  and  cleaned  completely 
at  least  once  each  day.  The  temperature  of  foods  kept  in  the  steam  tables 
should  not  be  permitted  to  drop  below  150°  F.,  since  bacterial  growth  and 
multiplication  can  proceed  at  lower  temperatures.  Some  foods  may  lose  in 
attractiveness  if  maintained  at  this  temperature  for  an  e.xtended  period  of 
time.  These  should  be  prepared  in  small  batches  so  that  prolonged  holding 
can  be  eliminated. 


Milk  Supply 

Pasteurized  milk  purchased  from  a  responsible  approved  dealer  is  the 
best  assurance  of  a  safe  supply.  Customers  should  be  served  directly  from 
the  original  container  and  tlie  cap  or  seal  should  be  removed  at  the  time 
ot  serving.  Dispensers  may  be  permitted  when  the  holder  and  pump  can 
be  easily  and  completely  dissembled  and  when  they  are  cleaned  and  dis¬ 
infected  daily.  Disinfection  may  be  accomplished  by  sufficiently  hot  water 
or  by  the  use  of  a  bactericidal  solution. 


Water  Supply 

Hot  and  cold  water  under  pressure  is  a  necessity  in  a  restaurant.  The 

supply  must  meet  drinking  water  standards  and  be  adequate  for  all 
purposes. 

t  he  vater  supply  of  a  restaurant  is  particularly  important  in  the  pro¬ 
tection  of  public  health.  Where  available,  water  should  be  obtained  from 
an  approved  municipal  supply.  When  this  is  not  possilde  the  iirivate 
supply  should  be  inspected  carefully  and  tested  bacteriologically,  before 
use  of  the  water  is  permitted.  Only  under  unusual  conditions  should  the 
ransportation  of  water  in  cans  or  jugs,  be  allowed.  If  a  separate  supply  of 

rh“  for  sanitary  and  other  purposes, 

as  flushing  of  toilets,  air  conditioning  systems  and  watering  of  lawns 
an  entirely  separate  piping  system  should  he  used.  Each  water  system 
should  be  painted  a  distinctive  color  and  any  outlets  on  the  unapproved 

out  T  t'l  m  non-potable  nature.  Xo 

s  on  le  non-potahle  system  should  be  permitted  in  kitchens  dining 
rooms  or  any  other  room  where  food  is  prepared  or  served.  ’ 

Building 
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kept  clean.  Floor  drains  are  practical,  permitting  daily  scrubbing  and 
flushing,  and  cove  bases  facilitate  cleaning  operations.  All  exterior  windows 
and  doors  must  be  screened  during  insect  seasons.  Doors  should  open 
outward  and  be  self  closing.  To  prevent  odors  from  penetrating  the  building, 
adequate  natural  or  forced  ventilation  is  necessary. 

Dining  Room 

Food  displays  in  many  instances  fail  to  protect  their  contents  from 
undue  handling,  flies,  and  droplets  discharged  by  customers’  coughing  or 
sneezing.  A  properly  constructed  display  counter  is  a  valuable  asset  as 
well  as  a  sanitary  safeguard.  Tables  and  counters  should  be  as  nearly 
impervious  as  practical.  A  well  lacquered  and  waxed  counter  or  wooden 
table  top  is  as  sanitary  as  a  plastic  one,  provided  cracks  are  not  allowed 
to  develop.  Table  cloths,  when  used,  .should  be  fresh  for  each  patron.  A 
soiled  cloth  is  an  affront  to  careful  people  and  a  detriment  to  business. 

Broken  or  cracked  table  tops  with  open  seams  are  undesirable  since 
microscopic  food  films  remain  in  them  and  attract  insects  and  permit 
bacterial  growth  with  resultant  objectionable  odors.  Cracked  china  or 
glasses  are  difficult  to  sanitize  so  that  they  should  be  discarded.  Clean 
dishes,  silverware,  and  utensils  must  be  stored  above  the  floor  in  a  dry 
place  and  in  such  a  manner  that  they  will  not  readily  be  handled  or  touched 
by  surfaces  that  come  in  contact  with  food.  They  should  be  protected  fiom 
dust.  Silver  should  be  stored  with  the  handles  in  one  direction,  pointing 
toward  the  employee,  so  that  removal  for  use  will  not  cause  fingeis  to  come 
in  contact  with  the  bowls  of  spoons,  blades  of  knives,  or  tines  of  forks. 


Kitchen 

Fixed  kitchen  equipment  should  be  located  away  from  walls  to  prevent 
rodent  harborage,  dust  collection,  and  to  facilitate  cleaning  behind  it  All 
stands,  tables,  and  other  equipment  on  legs  should  be  far  enough  above 
the  floor  to  permit  cleaning  and  servicing  but  in  no  case  should  a  distance 
less  than  6  inches  be  permitted  between  the  floor  and  the  bottom  shelf  or 
panel.i®  Yood  preparation  work  tables  should  be  of  impervious  materia 
and  when  wood  is  used  it  should  remain  unpainted  and  be  scrubbed  daily. 
Utensils  must  be  kept  clejin  and  bright  and  when  not  in  use  stored  protected 

from  dust  and  dirt.  .  , 

Fixed  equipment  such  as  ranges,  deep  lat  fryers,  sheers,  mix  , 
must  he  cleaned  daily.  Inspections  frequently  disclose  that  this  equipn 
™  dirty  due  to  neglect.  This  is  particularly  true  for  the  canopy  o  e  tte 

iange  Grease  collects  under  it,  ab-sorbs  dust,  and  f 

slime;'  particles  from  this  layer  frequently  fall  into  food  which  is  m  prepa- 

ration  on  the  range. 
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]\Ieat  grinders,  can  openers,  and  knives  must  be  kept  clean  and  free 
from  contamination.  Utensils  should  be  arranged  in  an  orderly  fashion  on 
working  shelves. 

Dishwashing 

Prior  to  washing,  dishes  and  utensils  are  scraped,  usually  by  hand,  and 
the  refuse  passed  through  a  scraping  block  of  neoprene  or  other  non-grease 
soluble  material  into  the  garbage  cans.  The  scraping  table  must  be  im¬ 
pervious,  water  tight  and  fitted  with  a  hose  spray  for  cleaning.  Pre-washing 


MARDWOOD  rack 


machines  using  a  hot  water  spray  and  retaining  the  garbage  on  specially 
designed  racks  are  practical. 

Dishes,  glasses,  tableware,  and  utensils  will  be  satisfactorily  cleaned  bv 
mechanical  washers  the  simplest  of  which  is  a  single  tank,  door  type 

spensei  and  having  a  minimum  washing  period  of  not  less  than  40 
con  s  with  the  wash  water  temperature  held  between  140°  F.  and  100°  F 

ess  than  180  F.  ami  with  a  flow  of  not  less  than  9  gallons  per  minute  at 
o  pounds  per  square  inch  pressure  -  An  adequate  Imt  water  su  ly  has 
been  estimated  on  the  biusis  of  1.8  gallons  per  person  per  mell  Tl^ 
problem  is  a  complicated  one,  varying  witi  the  type  "of  ThwasldS 
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machine  used,  the  number  of  dishes  used  per  meal,  and  other  factors.  The 
criteria  of  satisfactory  operation  of  other  types  of  machine  dishwashers 
vary  somewhat  from  those  described  here. 

Silverware  and  glasses  must  be  washed  separately  from  other  dishes. 
All  dishes  and  utensils  should  be  stacked  in  the  wash  racks  without  crowding 
and  in  a  manner  that  will  permit  the  wash  and  rinse  Avater  to  reach  all 
surfaces  of  each  article. 

Maintenance  of  efficient  mechanical  washing  requires  frequent  cleaning 
of  the  spray  jets,  detergent  dispenser,  and  periodic  removal  of  deposited 
scale  from  the  side  walls  of  the  washer,  pipes,  etc.,  together  with  care  and 
adjustment  of  the  pumps.® 


rinse  sprays - 


/wno/  rinse 
y  sprays 


/Vos/s 

pump 


Pro  in  /o  ^  sewer 

^ r-  cT/  O/VPA  t//£tV 


^  £CT/  U'/EiV 

^PFiAY-  TyP£  P/SHyVA5H£Fi 
,  CHA/N  CONVpyOA 

Fig.  14.  Outline  of  a  two  compartment  mechanical  dish  washer.  (Courtesy ,  United 
States  Public  Health  Service.) 

When  hand  washed,  dishes  or  utensils  are  Avashed  in  hot  Avater  at  about 
120°  F.  containing  sufficient  detergent  to  remove  grease  and  solids  until 
clean  to  sight  and  touch,  rinsed  in  hot,  clear  water  at  H0“  F.  and  fina  y 
immersed  in  hot  water  for  30  seconds  at  180°  F.  This  procedure  calls  for  a 
3  compartment  sink  or  separate  receptacles.  Immersion  m  hot  water  at 
180°  F.  may  only  he  accomplished  by  the  use  of  trays  or  wire  baskets  since 
these  temperatures  will  scald  hands.  The  detergent  water  should  he  changed 
whenever  the  dishes  are  not  being  washed  clean  and  the  rinse  natei  le 
neweil  whenever  it  becomes  turbid.  The  pouring  of  scalding  water  onc, 
washed  dishes  or  utensils  is  not  a  satisfactory  bactoricida  proceduie. 

'  Dilhcs  and  utensils  may  be  bactericidal, y  treated  aft-  » 

rinsing  by  immersing  for  not  less  than  1  minute  in  a  war  m  ch hii  m<  sohition 
r:  g  clcentratfon  above  50  ppm.  available  chlorine,  and  then  a  lowe, 
to  dry  Glasses  may  again  be  rinsed  in  hot  water  and  allowed  to  d.am  anil 


FOOD  SANITATION  AND  PUBLIC  HEALTH 


C5 


dry.  This  operation  also  requires  a  3  compartment  sink  and  if  additional 
rinsing  is  given  from  the  discharge  of  a  tap,  care  must  be  exercised  to  direct 
the  flow  of  water  into  the  compartment  used  initially  for  that  purpose. 

Immersion  in  warm  solutions  of  quaternary  ammonium  compounds  may 
be  substituted  for  chlorine  treatment  when  concentrations  are  adjusted 
“to  the  specific  conditions  of  use”,  such  as  water  hardness,  lack  of  bac¬ 
tericidal  uniformity,  etc.^^  Boiling  in  water  for  1  minute  is  an  alternative 
method. 

Use  of  chlorine  solutions  will  turn  silver  and  alloys  black  so  that  dis¬ 
infection  should  be  accomplished  with  quarternary  ammonium  compounds 
or  by  boiling  in  water  for  30  seconds. 

Dishes  and  utensils  should  be  air  dried.  However,  if  drying  cloths  are 
used  they  must  be  clean  and  used  for  no  other  purposes. 

Adequate  hot  water  is  a  necessity.  Booster  heaters  to  maintain  the 
temperature  at  180°  F.  should  be  installed  in  the  water  line  leading  to  the 
rinse  section  of  the  dishwasher.  It  is  questionable  whether  burners  placed 
under  the  compartment  sink  will  maintain  temperatures  required  for 
sanitizing.  ater  temperatures  in  the  dishwasher  or  compartment  sink 
must  be  checked  by  thermometers.  Washing  machines  should  have  ther¬ 
mometers  built  in  them. 

Ihe  efficiency  of  dishwashing  methods  is  usually  determined  by  the 
“swab  test.”  The  average  plate  count  per  utensil,  when  not  less  than  4 
similar  utensils  have  been  subjected  to  the  test,  should  not  exceed  100 
colonies.^® 


Waste  Disposal 

Garbage  should  be  kept  in  tight  metal  containers.  The  cans  should  be 
tightly  co^'ered  and  cleaned  daily.  The  rack  or  area  upon  which  the  cans 
are  stored  should  be  of  an  impervious  material  and  be  kept  clean  and 
periodically  sprayed  with  DDT.  Many  restaurants  now  use  refrigerated 
rooms  for  storage  of  garbage.  Proper  garbage  disposal  has  its  importance 
in  rodent  and  insect  control  and  in  esthetics. 

Overhead  sewer  lines  should  not  pass  through  food  preparation  rooms 
•1  c  lens  dining  rooms,  or  storage  rooms.  Sewer  lines  may  develop  leaks 
am  the  leakage  may  drop  on  food  or  utensils  if  they  are  stored  directly 
undei  these  lines.  Direct  cross  connections  from  sewer  lines  or  unapproved 
watei  supplies  to  an  approved  water  supply  should  not  be  permitted 
Irivies  or  septic  tanks  with  tile  tields  that  meet  state  health  dLartmeut 
quiiements  are  satisfactory  sewage  installations  in  rural  localities  Good 
maintenance  of  all  disposal  facilities  is  necessary  to  minimize  the  00^^ 
0  spieadmg  pathogenic  organisms  by  flies  or  other  insects  ^ 

Hand  washing  facilities  for  all  restaurant  personnel  must  be  adequate 


THE  PRACTICE  OF  SANITATION 


G() 

in  number  and  convenient  in  location.  Special  attention  should  be  given 
to  these  ciiteria  in  those  establishments  served  by  privies. 

Insect  and  Rodent  Control 

An  insect  and  rodent  control  program  using  DDT  or  other  insecticides, 
and  red  squill,  trapping  or,  in  extreme  instances,  Antu  as  rodenticides  is  the 
only  satisfactory  method  to  eliminate  these  pests.  Employment  of  a  reliable 
commercial  exterminator,  who  is  a  trained  entomologist,  to  give  periodic 
service  in  all  phases  of  this  control,  is  usually  the  most  economical  pro¬ 
cedure. 

Screening  of  the  building  is  an  important  measure  in  fly  control.  Clean 
walls  and  elimination  of  cracks  will  do  much  to  reduce  roach  populations, 
and  proper  building  construction  will  keep  out  rodents.  Details  of  these 
procedures  are  found  on  page  390.  Cats,  dogs,  and  other  animal  pets  must 
not  be  kept  in  restaurants.  It  is  difficult  to  control  the  hygienic  habits  of 
humans;  pets  cannot  be  held  responsible  for  public  health  concepts. 

Toilets 

There  is  no  public  health  reason  why  restaurants  should  be  required  to 
have  public  toilets.  However,  the  convenience  of  the  patrons  will  probably 
necessitate  the  provision  of  these  facilities.  Some  local  ordinances  require 
that  toilets  be  provided.  The  important  consideration  is  that  where  they 
are  available,  they  be  kept  clean  to  prevent  unpleasant  odors.  Impervious 
or  well  painted  floors  and  walls  make  the  cleaning  task  much  easier.  All 
toilet  rooms  should  have  a  direct  connection  to  the  outside  for  ventilation. 

Adequate  toilet  and  lavatory  facilities  must  be  provided  for  the  res¬ 
taurant  staff.  As  with  any  facilities  provided  for  the  public,  these  should  be 
kept  clean  and  attractive.  Soap  or  some  other  detergent  should  be  provided 
as  well  as  single-service  towels.  Prominent  signs  should  remind  employees 
to  wash  their  hands  thoroughly  after  using  toilets.  No  one  should  be  per¬ 
mitted  to  work  after  using  the  toilet  without  washing  his  hands.  This  rule 
should  be  rigidly  enforced  even  though  it  may  mean  discharging  violators. 

Toilet  rooms  should  not  open  directly  into  food  preparation  or  storage 
rooms.  In  large  establishments,  hand  washing  facilities  should  be  provided 
convenient  to  work  areas,  in  all  cases  at  least  on  the  same  floors  wheie 
food  preparation  or  serving  work  is  done.  Separate  toilet  rooms  should  be 
provided  for  each  sex.  Toilet  room  doors  must  be  self-closing  and  windows 
be  screened,  d’oilet  and  lavoratory  facilities  separate  from  those  provided 

for  the  public  are  preferable.  . ,  ,  .  i 

Dressing  rooms  or  adequate  lockers  should  be  provided  for  employees 

Soiled  coats,  aprons  and  other  linens  should  be  kept  in  containers  unti 
laundered. 
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Restaurant  Inspection 

An  inspection  chart  is  shown  in  Figure  15  covering  all  phases  ol  res¬ 
taurant  operation.  It  should  be  remembered  that  conditions  reported  reflect 
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PUBUC  HEALTH  SERVICE 
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Sourets 

Milk . 

Cream  . 

Ice  cream  . . . . . 

Shellfish  . . 


Inspection  Form  lor 
Eating  and  Drinking  Establishments 


(City,  county,  or  diitrict) 


Type  - - - 

No.  served  daily  . 

Any  kitchen  maintained 

elsewhere?  . . . 


Name  . 


Address 


Sir:  An  inspection  of  your  premises  has  this  day  been  made,  and  you  are  notified  of  the  defects  marked 
below  with  a  cross  (x).  Violation  of  the  same  item  on  two  successive  inspections  requires  immediate  de¬ 
grading  or  suspension  of  permit.  All  menu  cards  or  boards  shall  display  grade _ notice. 


Item  No.* 

(1)  Floors. — Easily  cleanable  construction,  smooth, 

good  repair  (  ),  clean  (  ) . (B 

(2)  Walls  and  ceilings. — All:  clean,  good  repair 

(  );  kitchen:  light  color  (  ),  walls 

smooth,  washable  to  level  of  splash  (  ), 

no  splash  or  spray  above  surfacing  (  )...  (B 

(3)  Doors  and  windows. — Outer  openings  with  ef¬ 

fective  screens  and  outward-opening,  self- 
closing  doors,  or  fly-repellent  fans,  or  flies 
absent . (C 

(4)  Lighting. — Natural  or  artificial  light  equiva¬ 

lent  to  10  foot-candles  30  inches  above  floor, 
except  in  dining  room . (D 

(5)  Ventilation. — All  rooms  (except  cold  storage) 

reasonably  free  of  odors  and  condensation  ...  (B 

(6)  Toilet  facilities. — Comply  with  plumbing  code 

(  ),  adequate,  conveniently  located  for 

employees  (  ),  good  repair,  clean,  no 

flies  (  ),  well  lighted,  outside  ventila¬ 
tion  (  ),  in  new  establishments,  no  di¬ 
rect  opening  (  ),  self-closing  doors 

(  ),  washing  sign  for  employees  (  ), 

privies,  if  used,  comply  State  stand¬ 
ards  (  ) . 

(7)  Water  supply.— Easily  accessible,  adequate 

(  ) ,  safe,  complies  State  standards 

(8)  Lavatory  facilities.  —  Adequate,  convenient 

(  ),  warm  water  (  ),  soap  (  ), 

approved  sanitary  towels  (  ),  hanas 

washed  after  toilet  (  ) . (C 

(9)  Construction  of  utensils  and  equipment. _ Eas¬ 

ily  cleanable  construction,  no  corrosion 
(  )t  good  repair,  no  open  seams,  no 

chipped  or  cracked  dishes  (  ) . (C 

(10a)  Cleaning  of  equipment  and  utensils. — Clean 
cases,  counters,  shelves,  tables,  meat  blocks 
refrigerators,  stoves,  hoods  (  ),  clean 

cloths  used  by  employees  (  ),  single- 

.  service  cups,  plates,  straws,  caps  used  only 

^  t ,  ^  b  and  drinking  utensils 

thoroughly  cleaned  after  each  use  (  ) 

other  utensils  each  day  (  ) . 

flOb)  Bactericidal  treatment  of  eating  and  cooking 
utensils. — Approved  bactericidal  treatment 
after  cleaning:  immersed  2  minutes  in  170* 
r .  water,  or  one-half  minute  in  boiling  water, 
or  2  minutes  in  approved  chlorine  rinse:  or 
kept  in  steam  cabinet  15  minutes  at  170*  F 
or  5  minutes  at  200°  F.;  or  in  hot  air  cabi¬ 
net  20  minutes  at  180°  P.  (  );  cabinets 

have  thermometer  in  coldest  zone  (  )• 


(C  ) 


(C  ) 


Item  No.* 

large  utensils  adequately  treated  with  live 
steam,  boiling  water,  or  chlorine  spray  or 
swab  (  ) ;  washing  machines  produce 

utensils  within  bacterial  standard  (  ): 

drying  cloths,  if  used,  kept  clean  and  usra 
for  no  other  purpose  (  ) . . (C 

(11)  Storage  and  handling  of  utensils. — Stored 

above  floor  in  clean  place  protected  from 
flies,  splash,  dust,  etc.,  inverted  or  covered 
when  practicable  (  ),  no  handling  of 

contact  surfaces  (  1,  single-service  cups, 

straws,  etc.,  purcnasea  in  sanitary  cartons, 
kept  in  clean  dry  place,  and  properly  han¬ 
dled  (  ),  dispensing  spoons,  dippers 

kept  in  hot  or  running  water  (  ) . (C 

(12)  Disposal  of  wastes. — Liquid  wastes  into  public 

sewer  or  as  approved  by  State  (  ),  no 

connection  or  back-siphonage  into  water 
supply  (  ) ;  garbage  stored  in  tight,  non- 

absorbent,  washable  receptacles,  covered 
pending  removal  (  ),  removed  frequently 

and  receptacles  washed  to  prevent  nuisance 
(  )-  . - . (C 

(13)  Refrigeration.— Readily  perishable  foods  (in¬ 

cluding  cream-filled  pastryl  stored  at  60° 

F.  or  less  (  ),  ice  stored  and  handled  in 

approved  manner  (  ),  drip  enters  open 

trapped  drain  or  pan  (  )  . .  (C 

(14)  niiolesomeness  of  food  and  drink. — Whole¬ 

some,  no  spoilage  (  );  milk,  fluid  milk 

products,  frozen  desserts  from  approved 
sources  (  ),  milk,  etc.,  served  in  original 

bottles  or  from  approved  bulk  dispenser 
(  ),  shellfish  from  approved  sources 

,  <  )  . . (C 

(15)  Storage  and  display  of  food  and  drink. _ No 

contamination  by  overhead  leakage,  sub¬ 
merging,  or  unnecessary  handling  (  ) 

not  on  floors  subject  to  flooding  from  sew-^ 
age  backflow  (  ),  no  animals,  fowls, 

rodents,  roaches,  etc.  (  ) ,  flies  under  con¬ 
trol  (  )  no  open  displays  (  ),  floor 

cleaning  only  after  closing  or  between  meals. 

^  by  dustless  methods  (  ) . .  (q 

(16)  Cleanliness  of  employees.— Clean  outer  gar¬ 

ments  used  for  no  other  purpose  (  1 

hands  clean  (  )_ . .  . ' 

(17)  Miscellaneous.— Premises  kept  neat  and  clean 

I  ) ;  no  operations  in  living  or  sleen- 
mg  rooms  (  ),  clean,  adequate  lockers 

<  ),  soiled  linens, 

coats,  aprons  kept  in  containers  {  ) _ _  (b 
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the  situation  at  the  time  of  the  inspection.  Circumstances  may  be  better 
or  worse  within  a  short  time  after  the  survey,  depending  upon  the  training 
of  the  personnel.  Odors  disclose  many  unsatisfactory  conditions. 

Any  inspector  will  do  well  to  remember  that  restaurant  employees  are 
human  and  are  likely  to  shirk  the  more  onerous  tasks  or  slight  conditions 
that  are  less  obvious.  In  any  event,  a  cooperative  and  helpful  attitude  on 
the  part  of  the  inspector  will  bring  best  results. 


CARNIVALS,  CHURCH  FAIRS  AND  SUPPERS 

Preparation  of  food  for  church  suppers  and  similar  functions  has  caused 
many  outbreaks  of  food  poisoning.  Salads  have  been  the  principal  offenders, 
due  primarily  to  the  fact  that  they  may  have  been  prepared  many  hours 
prior  to  consumption  and  improperly  refrigerated.  In  most  instances  multi¬ 
service  dishes  and  tableware  are  hand  washed  under  the  necessity  of  quick 
replacement  and  are  not  properly  sterilized  by  immersion  in  180°  F.  or  in 
a  germicide  solution.  Single  service  utensils  are  particularly  suitable  for 
this  type  of  operation.  The  safeguards  and  procedures  discussed  for  res¬ 
taurant  sanitation  apply  and  should  be  strictly  enforced.  The  fact  that 
the  handling  of  food  is  a  temporary  activity  does  not  alter  the  necessity 
for  good  sanitary  practice. 

Sanitary  control  is  a  problem  for  the  health  officer.  It  obviously  is  a 
matter  of  good  educational  programs  which  may  be  furthered  through  en¬ 
listing  the  aid  of  clergymen,  ladies  aid  societies,  and  similar  organizations 
to  introduce  proper  food  handling  procedures. 

LUNCH  AND  SODA  COUNTERS 


Soda  fountains  and  luncheonette  sanitation  is  similar  to  restaurant 
sanitation.  All  phases  concerning  food  protection,  preparation  and  storage, 
dishwashing,  food  handlers  and  food  displays  apply. 

Single  service  cups,  plates,  aprons  and  paper  napkins,  stored  in  closed 
receptacles  prior  to  use,  should  be  used  at  the  soda  fountain  unless  adequate 
dishwashing  facilities  are  available.  Ice  cream  cabinets,  ice  storage  corri- 
jiartment,  syrup  dispensers,  wooden  sandwich  boards  and  mixeis  must  be 
kept  scrupulously  clean.  Spoons  and  dippers  used  to  serve  ice  cream  must 

be  kept  in  running  water.  .  ,  ,  - 

loilet  and  lavatory  facilities  frequently  are  inadequate  in  luncheonettes 

and  soda  fountains.  Likewise  garbage  storage  and  disposal  is  likely  to  be 
unsatisfactory.  There  is  no  reason  why  all  of  these  facilities  should  not  be 

as  satisfactory  as  in  restaurants. 

STORES  AND  MARKETS 

liotail  food  stores  should  be  kept  clean  and  present  a  good  appearance 
All  factors  governing  food  storage,  refrigerator  sanitation  and  personnel 
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habits  stated  for  restaurant  operation  apply.  Slicers,  grinders,  knives,  saws, 
l)utclier  blocks,  and  other  meat  cutting  equipment  must  be  cleaned  daily 
and  kept  free  from  rust,  luiwrapped,  pre-cooked  foods  and  meats  should 
be  kept  in  protected  display  cases.  Good  sanitation  habits  attract  customers 
1-0  the  large  food  market  or  small  corner  store. 


Fig.  16.  A  modern  food  market.  (Courtesy,  Modern  Sanitation  and  Los  Angeles 
Health  Department.)  ^ 
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Chapter  V 

MILK  AND  MILK  PRODUCTS 


Milk  and  its  products  are  of  primary  importance  to  public  health.  On 
the  positive  side,  there  is  the  food  value  of  milk,  which  has  l)een  described 
as  the  most  nearly  perfect  food  available.  Phosphorus,  iron,  proteins, 
fats,  and  vitamins  A  and  G  are  the  more  important  food  components. 
^dtamins  B,  C,  and  D  are  also  present. 


DISEASE  TRANSMISSION 


Unfortunately  just  as  milk  is  a  food  for  man  it  is  also  a  good  food  for 
micro-organisms.  Many  of  the  pathogenic  bacteria,  when  introduced  by 
an  infected  cow  or  by  human  contamination,  grow  luxuriantly  in  milk  at 
suitable  temperatures.  The  first  milk-borne  epidemic  of  which  there  is  any 
record  occurred  in  Penrith,  England,  and  was  noted  by  M.  W.  Taylor^®  in 
1857.  Since  then  many  outbreaks  and  cases  of  communicable  disease  have 
been  traced  to  milk  and  its  products.  The  advent  of  modern  hygienic  con¬ 
trol  of  milk  production  has  not  eliminated  the  possibility  of  milk-borne 
disease.  Between  the  years  1938  and  1948,  as  reported  by  state  and  munic¬ 
ipal  health  departments,  milk  and  its  products  were  found  responsible  for 
376  outbreaks,  representing  15,924  cases  of  illness,  and  103  deaths  in  the 
United  States. 

Diseases  of  importance  to  man  that  have  their  origin  in  the  cow  or  goat 
include  tuberculosis,  undulant  fever  (brucellosis),  and,  of  recent  deter¬ 
mination,  Q  fever.4  There  are  indications  some  of  the  salmonella  organisms, 
m  addition  to  typhoid  and  paratyphoid,  may  be  transmitted  to  milk  by 
infected  cows.  Diseases  transmitted  through  milk  contaminated  in  pro¬ 
duction,  or  through  handling  include  diphtheria,  scarlet  fever,  septic  sore 
throat,  and  the  dysenteries  of  the  food  infection  type. 


OFFICIAL  REGULATIONS 

It  is  not  surprising  that  the  control  of  milk  prorh.ction  and  its  sale  has 
been  accepted  as  a  necessary  function  of  government.  On  the  one  hand  there 
m  he  encouragement  of  the  use  of  milk  as  a  food  because  of  its  unique 
value  1  he  econonnc  investment  in  and  income  from  the  industry  is  like- 

Tf  dilTthT"”''‘T''  the  prevention 

mems.  iiotection  of  the  economic  life  of  t 

function  of  the  department  of  agriculture  " 
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MWk  regulations  originate  with  state  agencies.  Both  the  state  health 
department  and  the  state  agriculture  department  are  involved  in  this 
control.  Generally,  sanitary  requirements  are  a  function  of  the  health  de- 
paitment,  although  in  a  few  states  the  department  of  agriculture  not  only 
has  control  of  economic  factors  of  the  dairy  industry  but  also  of  certain 
health  aspects.  In  some  states,  separate  milk  control  boards  have  these 
responsibilities.  The  first  milk  control  law  was  passed  in  IVIassachusetts  in 
1856.16 

In  most  state.s  the  local  health  department,  municipal,  county,  or  dis¬ 
trict  is  the  agency  ultimately  responsible  for  the  control  of  milk  production 
and  sale.  State  regulations  may  exist  but  the  local  health  department 


TABLE  2 


Number  of  Milk-Borne  Epidemics  in  the  United  States  {1923-1948,  inclusive) 


• 

Outbreaks 

Cases 

Deaths 

All  diseases . 

1,013 

41,838 

813 

Diphtheria . 

18 

324 

13 

Dysentery . 

Gastro-enteritis  (including  food 

23 

1,554 

21 

infections  and  food  poisoning).  . 

234 

10,988 

20 

Paratyphoid  fever . 

Scarlet  fever  and  septic  sore 

28 

1,091 

22 

throat . 

203 

19,257 

182 

Typhoid  fever . 

445 

7,524 

548 

Undulant  fever . 

41 

347 

3 

Miscellaneous . 

21 

753 

4 

United  States  Public  Health  Service— “Summary  of  Disease  Outbreaks  from 
Water,  Milk  and  Milk  Products”,  Div.  Sanitation,  Mar.  1950. 


adopts  its  own  ordinances,  which  must  be  at  least  as  stringent  as  those  set 
by  the  state.  These  ordinances  regulate  chemical  and  l)acterial  standards, 
methods  of  production  and  sale,  and  licensing.  New  York  City  adopted 
definite  bacterial  standards  in  1901,  and  Chicago  became  the  first  city  to 
require  pasteurization,  excluding  certified  milk,  in  1908.^® 

Since  the  source  of  milk  is  not  always  in  the  state  in  which  the  milk  is 
consumed,  state  and  municipal  laws  frecpiently  conflict.  This  confusion 
has  created  a  problem,  handicapping  farmers  who  produce  milk  that  enters 
more  than  one  regulatory  jurisdiction,  and  resulting  in  uncertainty  about 
sanitary  milk  production.  The  United  States  Public  Health  Service  vas 
called  upon  for  help  in  establishing  rules  and  regulations  that  could  be 
accepted  by  all  regulatory  agencies  in  order  to  give  uniformity  m  f  le 
hygienic  control  of  milk  production  “  A  “stamlar.l”  m,lk  ordmance  and 
code  was  initially  published  in  1924,  and  has  been  frequently  revised. 
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Although  this  ordinance  and  code  has  no  legal  standing  per  se  it  has  been 
adopted  by  many  communities.  It  has  helped  markedly  in  reducing  the 
confusion  in  administration  that  existed  prior  to  1924. 


DEFINITIONS 


The  following  definitions  taken  from  the  Code  describe  some  of  the 
terms  used  freciuently.  Additional  terms  will  be  used  in  subsequent  parts  of 
the  chapter  and  described  at  that  time. 

Milk.  “The  lacteal  secretion,  practically  free  from  colostrum,  ob¬ 
tained  by  the  complete  milking  of  one  or  more  healthy  cows,  which  con¬ 
tains  not  less  than  Sj  per  cent  of  milk  solids  not  fat  and  not  less  than 
3|  per  cent  of  milk  fat.”  The  same  definition,  with  appropriate  substi¬ 
tution  of  “goat”,  defines  goat  milk. 

Cream.  “A  portion  of  milk  which  contains  not  less  than  18  per  cent 
milk  fat.” 

Skim  milk.  “Milk  from  which  a  sufficient  portion  of  milk  fat  has 
been  removed  to  reduce  its  milk  fat  percentage  to  less  than  per  cent.” 

Homogenized  milk.  “Milk  which  has  been  treated  in  such  manner 
as  to  insure  break-up  of  the  fat  globules  to  such  an  extent  that  after  48 
hours  quiescent  storage  no  visible  cream  separation  occurs  on  the  milk 
and  the  fat  percentage  of  the  top  100  ml.  of  milk  in  a  quart  bottle,  or  of 
proportionate  volumes  in  containers  of  other  sizes,  does  not  differ  by 
more  than  10  per  cent  of  itself  from  the  fat  percentage  of  the  remaining 
milk  as  determined  after  thorough  mixing.” 

Pasteurization  “The  process  of  heating  every  particle  of  milk  or 
milk  products  to  at  least  143°  F.,  and  holding  continuously  at  such 
temperature  for  at  least  30  minutes,  or  to  at  least  161°  F.,  and  holding 
at  such  temperature  continuously  for  at  least  15  seconds,’  in  approved 
and  properly  operated  equipment.” 


Milk  producer.  “Any  person  who  owns  or  controls  one  or  more  cows 
a  part  or  all  of  the  milk  or  milk  products  from  which  is  sold  or  offered  for 
sale.  Iroducers  are  sometimes  classified  into  “producer-dealers”  and 
‘  plant  producers”.  The  former  term  refers  to  those  producers  wl  o  retaU 

a  1  or  part  of  the  milk  produced;  the  latter  refers  to  those  who  sell  all  of 
the  milk  produced  to  a  milk  plant 

Milk  distributor.  “Any  person  who  offers  for  sale  or  sells  to  another 

an  consumption  as  such.” 
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teulized,  or  prepared  for  distribution,  except  an  establishment  where 
milk  or  milk  products  are  sold  at  retail  only.” 

Average  Bacterial,  Direct  Microscopic,  and  Coliform 

Count 

The  logarithmic  average  of  the  bacterial  plate  counts  and  direct  mi¬ 
croscopic  counts,  of  the  last  four  samples  of  milk  taken  are  used  since 
experience  has  shown  that  the  use  of  arithmetic  averages  may  work 
an  unwarranted  hardship  on  the  producer.  This  can  be  understood  if 
four  samples  are  considered,  one  of  which  has  a  count  of  1,000,000 
(possibly  because  of  poor  refrigeration)  and  the  other  three,  20,000 
each.  The  arithmetic  average  is  265,000  whereas  the  logarithmic  av¬ 
erage  is  53,180.  The  latter  count  is  accepted  as  a  fairer  one. 


Methylene  Blue  or  Resazurin  Reduction  Time 

A  standard  laboratory  test  used  to  determine  the  length  of  time  required 
for  a  sample  of  milk  to  decolor  the  dye,  methylene  blue  or  resazurin,  added 
to  the  milk.  This  time  varies  with  the  bacterial  quality  of  the  milk:  the 
better  the  quality,  the  longer  the  reduction  time.  Since  the  resazurin  test 
is  shorter  than  the  methylene  blue  test,  it  is  gaining  in  popularity. 

The  test  is  applied  to  raw  milk.  The  results  give  only  an  approximation 
of  the  number  of  bacteria  present.  A  good  milk  will  have  a  resazurin  time 
of  4  hours. 


Grades  of  Milk 

jFrom  a  theoretical  viewpoint  there  seems  to  be  no  reason  why  milk 
should  have  more  than  one  grade — a  safe  grade.  However,  a  compromise 
betw'een  perfection  and  practicality  is  often  necessary  even  in  public  health 
practices.  Milk  ordinances  frequently  recognize  different  grades,  both  in 
pasteurized  and  raw  products.  The  less  rigid  grade  usually  sells  for  a  cent 
or  two  less  a  quart;  practical  considerations  are  allowed  in  this  way  to 
affect  theoretical  ones.  The  producer  is  considered  also  since  the  price  paid 
is  dependent  on  the  grade  of  milk.  Were  there  only  one  grade,  the  best, 
many  farmers  would  be  unable  to  sell  their  product.  This  could  result  m  a 
severe  hardship  to  the  consumer  in  those  areas  where  the  dairy  inc  ustry 
has  not  developed  the  highest  standards.  Fortunately,  pasteurization  will 
render  any  reasonably  good  raw  milk  safe.  (The  public  health  goal  is  a 
clean  good  raw  milk  made  safe  by  pasteurization.)  Many  cities  permit  only 
one  grade  of  milk  as  far  as  hygienic  grades  are  concerned  Grades  basei 
upon  butterfat  content  or  production  by  a  specific  breed  of  cattle,  e.g. 

Guernsey,  Jersey,  etc.  may  be  permitted.  Grm 

The  Code  recognizes  grades  based  on  sanitary  criteria.  Daiiy  faim 
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facilities  and  production  methods  enter  into  the  classification.  So  do  labora¬ 
tory  findings,  as  shown  by  the  following: 

Laboratory  Examination  Criteria  of  Grades  of  Milk 

Sold  as  Pasteurized  Milk 

Sold  as  Raw  Milk  Raw  Milk  Pasteurized  milk 

Grade  A. 

Bacterial  plate  count, 


not  more  than. . . .  50,000  per  ml.  200,000  per  ml.  30,000  per  ml, 

Methylene  blue  re¬ 
duction  time,  not 

less  than .  7  hours  5|  hours 

Coliform  count,  not 

greater  than .  10  per  ml. 

Grade  B. 

Bacterial  plate  count, 

not  more  than....  200,000  per  ml.  1,000,000  per  ml.  50,000  per  ml. 
Methylene  blue  re¬ 
duction  time,  not 

less  than .  51  hours  3f  hours 


Certified  milk  is  the  milk  produced  in  accordance  with  the  requirements 
of  the  American  Association  of  Medical  IMilk  Commissions.  jMany  munici¬ 
palities  require  the  pasteurization  of  this  grade  as  well  as  all  other  milk. 
The  premium  price  charged  for  certified  milk  plus  the  high  quality  of  the 

general  milk  supply  has  reduced  the  sale  of  this  premium  milk  in  many 
areas. 

A  grade  of  “C”  is  also  covered  in  the  “standard”  ordinance.  Where  recog¬ 
nized,  this  grade  is  usually  accepted  only  for  processing  or  manufacturing 
purposes. 


Bacterial  Counts 

Bacterial  counts  are  based  either  upon  agar  plate  counts  or  direct  smear 
counts.  Plate  counts  have  the  advantage  of  measuring  only  viable  organisms 
01  clumps  of  organisms  which  grow  between  32°  C.-37°  C  in  the  samnle 
and  of  being  particularly  applicable  to  samples  with  low  counts  They  are 
time-consuming  require  a  greater  quantity  of  material  and  equipment 

Direct  counts  made  from  stained  smears  have  the  advantage  of  speed 
a  minimum  of  necessary  materials  and  equipment,  and  the  abifity  o  Ln- 

""rr * : 
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with  low  counts:  variation  in  the  retention  of  stains  in  the  cells;  and  small 
samples  upon  which  the  count  is  based. 

Coliform  density  is  coming  into  greater  acceptance  as  a  measurement  of 
milk  quality  than  was  the  case  10  years  ago.  Good  milk  properly  pasteurized 
and  handled  should  be  free  from  coliform  organisms.  Any  of  these  or¬ 
ganisms  in  properly  pasteurized  milk  is  now  recognized  as  indicating  post¬ 
pasteurization  contamination. 


Phosphatase  Test 

This  colorimetric  test  determines  the  completeness  of  pasteurization. 
The  enzyme  phosphatase  is  present  in  all  raw  milk.  It  will  liberate  phenol 
from  phosphoric  phenyl  esters.  Heating  inactivates  the  phosphatase  and  so 
a  measurement  of  the  degree  of  inactivation  of  the  phosphatase  reveals  the 
efficiency  of  pasteurization.  All  the  phosphatase  is  not  inactivated  with 
heat  treatment  of  143°  F.  for  30  minutes  or  161°  F.  for  15  seconds.  The 
amount  of  phosphatase  remaining  under  these  conditions  amounts  to  1 
unit,  the  maximum  allowable  for  properly  pasteurized  milk.^^ 

This  test  is  unusually  versatile  in  that  it  will  detect  under-pasteurization 
due  to  too  low  a  temperature  or  too  short  a  heating  period.  It  will  also 
detect  the  addition  of  raw  milk  to  properly  pasteurized  milk,  or  milk  that 
may  enter  the  pasteurized  product  through  leaky  or  incompletely  closed 
valves.  Detection  can  be  made  of  faulty  points  in  the  pasteurization  pro¬ 
cess  if  samples  of  the  processed  milk  are  taken  from  several  points  in  the 
distribution  system.  See  page  90. 


Sediment  Test 

This  test  determines  the  amount  of  undissolved  visible  dirt  in  milk. 
It  is  performed  by  forcing  a  fixed  quantity  of  milk  through  specially  pre¬ 
pared  filter  pads.  The  results  give  a  crude  measure  of  the  care  with  which 
the  milk  has  been  handled  on  the  diary  farm. 


MILK  PRODUCTION 

Success  in  the  sanitary  control  of  a  milk  supply  is  invariably  associated 
with  a  good  spirit  of  cooperation  between  producers  and  the  health  de- 
partmcnt.  In  no  other  phase  of  health  department  activity  is  education  a 
more  potent  tool.  I’o  be  sure,  an  adequate  code  must  be  available  for  use 
when  necessary.  The  producer,  though,  must  be  convinrad  of  his  moral 
obligation  to  produce  a  safe  product  and  shown  that  lus  own  economic 
welfare  is  associated  cteely  with  a  good  product.  Tins  can  be  done  and  is 
done.  Many  large  commercial  producers  now  conduct  their  own  oducatioi  a 
programs  among  the  diary  farmers  from  whom  milk  is  purchased. 
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The  Dairy  Farm 


Pasteurization  will  render  a  reasonably  good  milk  safe.  Idowevei,  the 
goal  of  public  health  supervision  of  milk  supplies  is  to  assure  a  good  raw 
milk  supply,  with  pasteurization  as  a  safety  factor.  A  good  raw  milk  means 
healthy  cows,  clean  premises,  good  methods  and  equipment,  and  healthy 
personnel  to  handle  the  milk.  The  health  department  program  should 
consider  all  of  these  factors. 

Healthy  Animals.  Healthy  cows  and  goats  can  be  obtained  only  through 
a  good  veterinary  program.  Chronic  illnesses  such  as  tuberculosis  and 
undulant  fever  can  be  detected  by  simple  tests  performed  by  trained  vet¬ 
erinarians.  Many  states  with  the  cooperation  of  the  Federal  Bureau  of 
Animal  Industry  offer  testing  services  and  indemnification  to  the  farmer 
to  cover  part  of  the  loss  incurred  when  infected  animals  are  found  and 
removed  from  the  milking  herd.  Accredited  areas  have  been  established, 
indicating  an  incidence  for  each  disease  less  than  a  certain  minimum  basis. 

Human  streptococcic  infection  may  be  transmitted  to  cows  by  the 
milkers.  These  infections  usually  follow  an  infection  of  one  or  more  teats 
of  the  cow  with  mastitis.  Streptococcus  agalactiae,  non-pathogenic  to  man, 
is  the  principal  agent  causing  mastitis.  This  non-pathogenic  infection 
apparently  pre-disposes  the  udder  to  infection  by  organisms  which  are 
pathogenic  to  man.  Control  of  these  infections  is  best  carried  on  under  the 
direction  of  a  veterinarian.  A  well  trained  sanitarian  should  be  able  to 
handle  most  of  the  educational  work.  The  dairy  farmer  has  an  economic 
interest  in  the  control  of  mastitis  infections  since  milk  production  from 
affected  animals  is  seriously  decreased. 


Other  diseases  such  as  typhoid  fever  and  diphtheria  may  be  transmitted 
by  milk  contaminated  directly  by  the  diary  personnel.  Good  personal 
hygiene  is  the  method  of  prevention  in  the  spread  of  these  infections.  The 
hazard  of  an  unsafe  water  supply  must  also  be  considered  in  preventing  the 
spread  of  typhoid  or  paratyphoid  through  milk. 

Premises.  The  important  features  of  the  premises  are  the  dairy  barns 
milking  parlor  or  stable,  milk  house  or  room,  dairy  yard,  and  the  water 
supp  y  and  sewage  disposal  facilities.  Whatever  standards  are  adopted 
should  be  based  upon  sound  public  health  practice 

Two  general  types  of  barns  are  used  for  sheltering  cows,  particularly  in 
unseasonable  weather.  The  more  common  is  the  stall  or  stanchion  type 
m  uhich  each  cow  is  kept  m  a  particular  stall  or  stanchion.  The  second  type 
..s  the  p.n  l,an,  ,n  wh.eh  all  the  a„in,ala  are  maintaine.l  in  a  ain^  .^m 
n  ^.ch  they  are  free  t„  move.  There  are  a,lvantaKes  to  ea,.h  type,  i„at  Z 
theie  are  disadvantages.  In  the  stanchion  tvpe  the  cattle  cmi  hi  l  ! 
cleaner  and  injury  by  other  cowa  is  prevented’  the  tiUow 
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Form  R9Tfi.D 

PCOERAL  SerVHITY  AnFNCY 

PUBLIC  HEALTH  SERVICE 
^(Rev.  May 


MILK  PLANT— PRODUCER 
INSPECTION  FORM 


(City,  county,  or  district! 


Budget  Bureau  No  6$-K172. 
Approval  expires  10-31-47. 

GALLONS  SOLD  DAILY  TO 

. - . Plant 

Whole  milk- . .  . . . 

Skim  milk . 

Cream. .  . 

Total . 


Location  . 


Name . . . . . . 

Sir  :  An  inspection  of  your  dairy  has  this  day  been  made  and  you  are  notified  of  the  defects  marked  below  with 
a  cross  (X).  Violation  of  the  same  item  on  two  successive  inspections  calls  for  immediate  degrading. 


uc  No.*  COWS 

(1)  Tuberculosis  and  other  diseases. — Tuberculin  test  an¬ 
nually  except  in  modified  accredited  counties  (  ), 

evidence  on  file  (  ),  other  tests  as  required  (  ), 

no  cows  with  extensive  induration  of  udder  (  ), 

no  cows  giving  abnormal  milk  (  ) . . - . 


(  •  ) 


-Adeq^uate  light  openings 
),  aaequato  artificial  light 


DAIRY  BARN 

(2)  Lighting,  milking  bam 

(  ) ,  windows  clean  ( 

lor  night  milking  (  ) . . . -  (  ) 

(3)  Air  space  and  ventilation, — Well  ventilated  (  ),  no 

overcrowding  (  )_ . — _ 

(4a)  Floor  construction,  milking  barn. — Floors  and  ^tters, 
concrete,  tight  wood,  or  other  impervious  and  easily 
cleaned  material  in  good  repair  (  ) ,  graded  (  )- 

(46)  Floor  cleanliness,  milking  barn. — No  accumulations 
^yond  one  milking  (  ),  no  horses,  pigs,  fowl, 

calves,  etc,  (  ) . 

(5)  Walls  and  ceilings. — Painted  biennially  or  white¬ 
washed  annually  or  other  satisfactory  finish  (  ), 

clean  and  in  good  repair  (  ),  ceiling  tight  if  feed- 

stuffs  over  (  ),  feed-room  partition  dust-tight 

with  door  (  ) . . . 

(ба)  Cow  yard,  grading  and  draining. — Graded  (  ), 

drained  (  ) ,  no  pooled  wastes  (  ) . 

(бб)  Cow  yard,  cleanliness. — Clean  (  ),nosw’ine  (  )_ 

(7)  Manure  disposal. — Stored  inaccessible  to  cows  and, 

during  fly  season:  (a)  Spread  upon  fields,  or  (6) 
piled  not  more  than  4  days  and  then  spread,  or 
(c)  stored  not  more  than  7  days  in  impervious  bin 
or  curbed  platform  and  then  spread,  or  (d)  stored  in 
tight,  screened,  and  trapped  manure  shed,  or  (e)  fly 
breeding  minimized  by  other  approved  methods . 

MILK  HOUSE 

(8a)  Floors. — Smooth  concrete  or  other  impervious  mate¬ 
rial  (  ) ,  graded  to  drain  (  )  — . — . 

(86)  Walls  and  ceilings. — Smooth  dressed  lumber,  sheet 
metal,  or  plasterboard,  well  painted  with  washable 
paint;  hollow  tile,  cement  blocks,  bricks,  concrete,  or 

cement  plaster,  surfaces  and  joints  smooth . 

(Sc)  Lighting  and  ventilation. — Effective  window  area  at 
feast  10  percent  of  floor  area  (  ),  adequate  arti¬ 
ficial  lighting  (see  Code)  (  ),  adequate  ventila¬ 
tion  (  ) ,  doors  and  windows  closed  during  dusty 

weather  (  ) . . *,* . j 

(8d)  Screening. — All  openings  effectively  screened  and 
doors  open  outward  and  self-closing,  unless  flies 

otherwise  kept  out . — — . . 

(8c)  Miscellaneous  requirements. — Used  for  milk  purposes 
only,  except  by  permission  (  ) ,  milk  house  opera¬ 
tions  not  conducted  elsewhere  (  ) »  no  opening  into 

living  quarters  or  stable  (  ) ,  wastes  properly  dis¬ 
posed  of  (  ) ,  2-compartment  stationary  wash  and 

nnse  vats  (  ),  adequate  water-heating  facilities 

(9)  Cfca7iimesra'r^  /?ics.— Floors,  walls,  windows,  shelves, 
tables,  and  equipment  clean  (  ) .  no  tr^h  or  un¬ 
necessary  articles  (  ),  all  necessary  fly-control 

_ methods  (  ) . . . . . —  — 


(  ) 


(  ) 


(  ) 


(  ) 

(  ) 
(  ) 


(  ) 


(  ) 


(  ) 


(  ) 


(  ) 


(  ) 


(  ) 


JtemSo.f  TOILET 

(10)  Toilet. — Conveniently  located  (  ),  constructed  and 

operated  according  to  Code  (  ),  no  evidence  of 

defecation  or  urination  about  premises  (  ) .  ( 

WATER  SUPPLY 

(11)  Water  supply. — Easily  accessible  (  ),  adequate 

{  ) ,  no  surface  or  cistern  water  unless  approveil 

(  ),  safe,  sanitary  quality  (see  Code)  (  ).. _  ( 

UTENSILS 

(12)  Construction. — Smooth  heavy-gage  material  ( 

corrosion-proof  surface,  no  agateware  (  ),  easily 

cieanable  shape  (  ),  joints  soldered  flush  (  ), 

good  repair  (  ),  no  woven-wire  cloth  (  ),  milk 

pails  small-mouth  design  (  ) .  ( 

(13)  Cleaning. — Cleaned  after  each  usage  (  ),  must  look 

and  feel  clean  (  ) . .  ( 

(14)  Bactericidal  treatment. — Steam  cabinet  170*  F.  for 

15  minutes  or  200*  F.  for  5  minutes,  or  steam  jet  1 
minute,  or  immersed  in  standard  chlorine  or  170*  F. 
water  for  2  minutes,  or  flow  of  170*  F.  water  at  out¬ 
let  for  6  minutes  or  standard  chlorine  for  2  minutes, 
or  hot-air  cabinet  180*  F.  for  20  minutes  (  ),  cab¬ 
inets  have  thermometer  in  coldest  zone  (  ) . 

(15)  Storage. — Left  in  treating  chamber  until  used  or 

stored  inverted  in  protected  place  in  milk  house 
(  ),  cotton  disks  in  original  package  in  cabinet 

until  used  (  ) . 

(16)  Handling.— Aiter  bactericidal  treatment,  no  handling 

of  surfaces  to  which  milk  is  exposed . 


MILKING 

(17)  Udders  and  Clean  (  ),  rinsed  v.dth  standard 

chlorine  solution  at  time  of  milking  (  ),  abnormal 

milk  excluded  (  ) . — . . 

(18)  Flanks. — Flanks,  bellies,  and  tails  free  from  visible 

dirt  at  time  of  milking  (  ),  brushing  completed 

before  milking  begun  (  ) .  .  .. 

Milkers'  hands. — Clean  (  ),  rinsed  in  standard  chlo¬ 
rine  solution  iust  before  milking  each  cow  (  ), 

dry  while  milking  (  ),  hand-washing  facilities 

including  soap,  water,  and  individual  clean  towels 

convenient  to  milking  bam  (  ) . 

Clothing. —Clean  outer  garments . - — 

Milk  stools.— Clean,  not  padded  (  ),  stored  above 

floor  (  ) . : . ; . r:,-**:' . 

(22)  Removal  of  milk. — Immediate  removal  to  milk  house 

or  straining  room  (  ) ,  no  straining  in  bam  (  ) , 

can  covered,  protected  from  manure  and  splash 

(23)  €001171^7!— Miiic  either  delivered  to  plant,  or  cool*^  to 

70*  F.,  within  2  hours  after  milking  completed . 

MISCELLANEOUS 

(26)  Vehicles.— Clean  (  ),  covered  (  ),  no  conUmi- 

nating  substances  transported  (  ).  Premises. 

Surroundings  kept  neat  and  clean  (  ) . — - 


(19) 


(20) 

(21) 


(  ) 

(  ) 
(  ) 

<  ) 
(  ) 


(  ) 
(  ) 

(  ) 


(  ) 
(  ) 

(  ) 


Remarks . 


Date . 


.  Inspector. 


Milk  Sf  "b.::?*,.!  .t.nd.rd. 

ror  „1.  b,  tb.  SuperibU.<i.nt  of  Documon...  U.  S.  Gov.rnn..n.  Printing  Ofllc.  W.rf,lnr«b  a  C.-PH«.  S6  p.d  of  IM. 

II.  •.  AOVUHMtaT  rilHTIIlS  Officx  I#— 

Fig.  17.  Dairy  farm  inspection  form.  (Courtesy,  United  States  Public  Health 
Service.) 

manure  is  ko„t  covered  rvitli  fresl.  licddinR.  Tlie  decomposition  of  the 
manure  provides  a  certain  amount  of  heat  to  keep  the  barn  warm,  he 
cows  are  more  contented  wlien  allowed  to  move  about  and  there  is  less 


MILK  AND  MILK  PRODUCTS 


79 


danger  of  self-inflicted  injury.  There  is  less  udder  injury  among  cattle 
kept  in  pen  barns  than  in  those  kept  in  stanchions. 

Either  type  of  barn  must  be  kept  clean,  well  ventilated  and  lighted. 
Walls  and  ceilings  should  be  whitewashed  yearly  or  painted  once  every  two 
years.  Lighting  both  natural  and  artificial  should  be  adequate  to  assure 
proper  cleaning. 

The  floors  of  the  stanchion  type  barn  should  be  of  an  impervious  material 
so  that  dirt  will  be  visible  and  then  can  be  kept  clean  easily.  Concrete 
provides  the  most  satisfactory  material.  The  gutters  in  which  the  feces  and 
urine  drop  should  also  be  of  impervious  material.  They  should  be  graded 
to  drain  properly.  In  new  construction,  4  square  feet  of  window  space 
per  stanchion  should  be  installed  to  provide  for  adequate  lighting  and 
ventilation.  Windows  and  doors  should  be  screened.  Manure  should  be 
removed  at  least  once  and  preferably  twice  daily.  In  either  type  of  barn 
other  animals  and  poultry  should  be  kept  out. 

A  separate  room  should  be  provided  for  milking  purposes. 


Dairy  Farm  Sanitation 

The  milking  room  floor  must  be  impervious,  constructed  to  prevent 
pooling  of  water  and  sloped  to  a  drain.  Manure  gutters  must  be  of  concrete 
or  other  impervious  material.  Portions  of  the  barn  used  to  stable  the  cows, 
for  feed  storage,  etc.  should  be  separated  from  the  milking  room  by  dust 
tight  partitions.  If  there  is  a  floor  over  the  milking  room  a  tight  ceiling 
should  be  provided.  The  milking  room  floor  should  be  cleaned  by  scrubbing 
or  brushing  after  each  milking. 

Fly  control  by  the  use  of  DDT  or  other  suitable  insecticide  is  essential. 
The  walls,  ceiling,  screens,  and  other  surfaces  not  washed  daily  should  be 
treated  twice  during  the  summer  to  assure  eradication  of  flies  from  the 

exercised  to  protect  feed  and  animals  from  the 
DDT  spray.  Methoxychlor  or  lindane,  in  preference  to  DDT,  is  now  recom¬ 
mended  for  use  in  dairy  buildings. 

The  barn  yard  should  be  graded  and  well  drained  to  prevent  the  cows 
lom  wading  through  mire  or  piles  of  manure  when  entering  or  leaving  the 
barn.  Care  must  be  exercised  to  drain  the  waste  from  the  barn  and  dairy 
0  that  It  wi  1  not  form  a  pool  m  the  cow  yard  in  which  the  cows  may 

lain.  It  should  be  spread  upon  the  fields  as  quickly  as  possible  at  least 

Me  H  in  a 

L  ca  I  arnffhe  li  “'l  Platform,  be  inaccessible  to 

ow  Ac  T  »''™dtted  to  drain  into  the 

excelk^  Thr me  f’™'  r  • "yh'-neding  material  par 
knee.  Ihe  use  of  msectic.des  such  as  DDT,  chlorodane  or  lindane  on 
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the  piles  and  adjacent  areas  will  decrease  fly-breeding.  Piles  of  manure  lose 
much  of  their  fertilizer  value  by  the  leaching  action  of  rain. 

]\IiLK  House 

A  milk  house  or  dairy  is  provided  to  enclose  the  milk  handling  operations. 
This  may  be  a  separate  building  or  a  room  in  the  dairy  barn.  It  should  not 
open  directly  into  the  barn  but  must  be  separated  from  it  by  a  screened 
passageway.  Windows  must  be  screened  and  all  doors  must  be  self  closing, 


Fig.  18.  Properly  kept  barnyard,  Alto  Medical  Center,  Alto,  Ga.  (Courtesy, 
Georgia  Department  Public  Health.) 


open  outward,  and  be  screened,  dhe  room  must  be  well  lighted  both  by 
natural  and  artificial  light,  have  ample  ventilation  and  impervious  floois, 
preferably  concrete,  sloping  to  a  drain.  Hot  and  cold  water  under  pressure 
and  adecpiate  washing  vats  or  sinks  should  be  provided.  Ample  storage 
for  utensils  must  be  available  in  a  protected  dry  place,  the  milk  house  oi 
room  should  not  be  used  for  any  other  purpose  than  to  handle  milk  and 
it  must  be  kept  scrupulously  clean.  All  pets  must  be  excluded.  W  hen  kept 
in  good  repair  and  painted  frequently  walls  and  ceiling  may  be  made  of 
wood.  AVindow  space  should  be  eiiual  to  10  per  cent  of  the  floor  area  and 
be  evenly  distributed.  If  milk  is  to  be  sold  raw,  the  milk  handling  and 
utensil  washing  portions  should  be  separated  by  a  solid  partition;  it  is 
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important  to  keep  flies  from  the  milk  room.  Since  milk  absorbs  odors, 
nothing  that  may  give  off  odors,  including  gasoline  engines,  should  be  in 
the  milk  house. 

All  human  excreta  must  be  disposed  of  by  connection  to  a  sewer,  prop¬ 
erly  constructed  and  operating  septic  tanks,  or  by  fly-tight  privies.  Ihe 
toilets  should  be  located  conveniently  and  kept  clean.  Wash  water  from 
the  milk  house  must  be  disposed  of  to  a  sewer  or  through  a  properly  con¬ 
structed  and  operated  septic  tank  or  soakage  pit. 

The  water  supply  used  in  all  dairy  operations  must  be  bacteriologically 
safe  and  adequate  to  meet  all  the  needs  of  milk  production.  Well  water, 
if  used,  must  meet  drinking  water  standards.  A  copious  supply  for  washing 
purposes  is  particularly  necessary  in  the  milk  room  or  house. 


Methods  and  Equipment 

Immediately  before  milking,  the  flanks,  udders,  and  teats  of  the  cow 
should  be  washed  first  with  clean  water,  then  with  a  chlorine  solution  of 
100  ppm.  strength,  and  wiped  dry.  Quaternary  ammonium  compounds 
may  be  substituted  for  chlorine  if  desired.  The  hair  on  the  flanks,  udders, 
and  brush  of  the  tail  should  be  kept  short.  All  milking  should  be  done  in 
the  milking  stable  or  dairy  house. 

Hand  milking  is  commonly  used.  The  hands  must  be  free  from  open 
wounds  and  just  prior  to  milking  be  washed  thoroughly  with  warm  water 
and  soap,  rinsed  in  an  approved  bactericidal  solution  and  dried  with  a 
clean  cloth  or  paper  towel.  Convenient  hand  washing  facilities  must  be 
provided  in  the  barn  or  milk  house.  If  milking  is  interrupted,  the  milker 
must  wash  his  hands  again  before  resuming  milking.  Wet  milking  (moisten¬ 
ing  the  hands  with  milk  prior  to  milking)  is  insanitary  and  a  source  of 
bacterial  infection  and  should  be  prohibited.  Clean  coveralls  should  be 
furnished  milkers  to  prevent  contamination  from  soiled  work  clothes. 

Any  abnormal  milk  should  be  discarded.  A  good  practice  is  the  use  of 
a  strip  cup  on  each  cow  once  a  week.  The  strip  cup  consists  of  a  metal  cup 
m  the  top  of  which  a  fine  wire  screen  is  placed.  Abnormalities  in  the  milk 
particularly  those  caused  by  mastitis,  are  shown  by  stringy  or  flaky  de¬ 
posits  collecting  on  the  strainer  when  the  first  few  squirts  of  milk  are 
dll ected  into  the  cup.  Another  good  practice  is  to  collect  the  first  few  streams 
of  milk  from  each  teat  in  a  fore-milk  pail.  This  milk  should  not  be  added 
to  the  milk  intended  for  human  consumption.  It  should  be  observed  for 
any  signs  of  abnormal  composition. 

:Milkmg  stools  should  be  kept  clean  so  that  the  milkers’  hands  will  not 
be  soiled  when  moving  the  stools  from  cow  to  cow.  Alany  control  author 
ities  pay  particular  attention  to  the  stools  on  the  theory  that  their  condi 
a  good  indication  of  general  cleanliness  in  the  bam  and  milk  stable 
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jNIany  dairy  farms  use  milking  machines.  These  are  suction  devices  con¬ 
nected  by  rubber  tubing  to  a  closed  pail  into  which  the  milk  is  drawn  from 
the  cow  thiough  a  teat  cup.  These  machines  are  convenient  for  labor 
saving  but  are  often  the  source  of  contamination  because  of  negligence  in 
their  cleaning,  spreading  infection  in  the  herd  or  giving  rise  to  high  bac¬ 
terial  counts  in  the  milk.  Operators  frequently  fail  to  realize  that  the  rub- 
bei  tubes,  lubber  cup  linings  and  pail  parts  need  more  than  a  cursory  rinse 
once  a  day. 

Cooling 

Immediately  after  a  pailful  of  milk  is  drawn  it  should  be  taken  to  the 
dairy  house  and  strained.  This  is  only  a  safety  measure  for  removing  the 


TABLE  3 


Bacterial  Count  in  Milk  After  Standing 


Temper¬ 

ature 

Hours  Held 

“F. 

24 

48 

96 

168 

32 

30,000 

27,000 

24,000 

19,000 

36 

38,000 

56,000 

4,300,000 

38,000,000 

42 

43,000 

210,000 

5,760,000 

50 

89,000 

1,940,000 

55 

187,000 

38,000,000 

60 

900,000 

168,000,000 

68 

4,000,000 

25,000,000,000 

86 

14,000,000 

94 

25,000,000 

Roberts,  H.  O.  Jr.,  Refrig.  Eng.,  42:  .306  (1941). 


occasional  particles  of  straw'  or  hair  which  may  accidentally  fall  into  the 
milk  and  should  not  be  tolerated  as  a  means  of  removing  the  tell-tale  signs 
of  careless  and  dirty  milking  practices.  Fresh,  clean,  sterile  strainer  cloths 
should  be  used  on  strainers  of  sanitary  construction;  otherwise  they  may 


contribute  a  gross  bacterial  contamination.  The  strainer  and  strainer 
pads  should  be  kept  in  the  milk  house.  Strainers  should  be  stamped  out  of 
a  single  metal  plate,  so  that  there  are  no  seams  to  catch  and  hold  milk 
residues,  and  should  not  be  made  of  wire  mesh  sieve  because  of  the  diffi¬ 
culty  in  cleaning.  Demountable  wire  springs  are  provided  for  clamping 

the  fresh  cotton  pads  to  the  frame. 

Milk  should  be  cooleil  immediately  after  it  is  strained.  A  temperature 
of  ()0°F.  will  retard  bacterial  growth,  but  50°  F.  or  lower,  a  requirement 
for  milk  to  be  sold  raw,  is  a  practical  and  effective  temperature  for  getting 

the  best  results.  This  is  illustrated  in  Table  3. 

When  the  milk  is  to  lie  delivered  to  a  plant  which  is  more  than  several 
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hours  distant  from  the  farm,  it  is  necessary  to  cool  both  the  evening  and 
morning  milks.  However,  it  the  plant  is  m  sufficient  pioximity  to  the  faim 
for  the  morning  delivery  by  8  o’clock,  some  health  dejiartments  waive  the 
requirement  of  cooling  morning  milk  because  of  the  effective  refrigeration 
which  will  be  accorded  it  when  delivered  at  the  receiving  station,  is 

Sufficient  cooling  equipment  should  be  maintained  by  the  diaryman  to 
meet  the  needs  of  the  maximum  milking  season.  This  reserve  cooling  equip¬ 
ment  is  economical  since  it  assures  proper  cooling  at  all  times  and  elim¬ 
inates  loss  from  bacterial  spoilage  with  possible  rejection  because  of  high 
milk  temperature  or  bacterial  counts. 

Cooling  equipment  on  dairy  farms  takes  two  general  forms,  namely, 
cooling  boxes  (or  tanks)  and  surface  coolers.  Sometimes  both  are  used.  In 
principle  a  cooling  box  consists  of  a  tank  large  enough  to  hold  all  the  cans 
of  milk  accumulated  during  the  day,  and  deep  enough  to  allow  water  to 
cover  the  shoulder  of  the  can  just  up  to  the  neck.  The  water  in  the  tank  is 
kept  cold  either  by  artificial  cooling  or  by  the  natural  circulation  of  cold 
spring  water.  The  box  must  have  a  shelf  or  raised  platform  in  the  bottom 
so  tliat  cans  of  all  sizes  used  by  the  producer  can  be  submerged  to  the  neck 
for  cool  storage.  A  box  kept  cold  by  the  constant  flow  of  spring  water,  is 
often  called  a  spring  box. 

When  such  a  source  of  cold  water  is  not  available,  it  is  customary  to 
l)uild  an  insulated  bo.x  or  tank  of  concrete,  wood,  or  metal. 

Ihe  water  is  kept  cold  l)y  ice  or  by  recirculation  through  a  refrigeration 
machine.  Frequent  cleaning  is  necessary  to  prevent  the  water  from  becom¬ 
ing  foul.  The  milk  is  cooled  by  setting  the  cans  in  the  box  of  cold  water  and 
pouiing  the  strained  contents  of  the  pails  into  them,  vigorously  stirring 
the  contents  with  each  addition.  A  can  of  milk  can  be  cooled  to  50°  F.  in 
this  manner  in  about  one  half  hour. 


Ihe  most  effective  method  of  cooling  is  the  surface  cooler.  There  are 
several  different  types  of  coolers  but  the  one  in  most  general  use  is  called 
a  washboard  or  surface  cooler  by  virtue  of  its  resemblance  to  an  ordinary 
washboaixl.  See  Figure  19.  It  consists  of  a  series  of  horizontal  corrugations 
or  pipes  m  a  vertical  frame  with  a  perforated  trough  over  the  top  and  a 
catch  basin  or  trough  at  the  bottom.  Cold  water  circulates  through  the  in- 
SKlc  Of  the  pipes.  Warm  milk  is  poured  into  the  top  trough  through  the 
perforations,  down  over  the  corrugated  cooled  surface  of  the  cooler  into 
he  draw-off  trough  at  the  bottom.  Any  piece  of  equipment  of  this  sort’must 
ept  sciupulously  clean  to  prevent  contamination  of  the  fresh  milk, 
veiy  dairy  house  should  have  a  thermometer.  This  enables  the  nro 
du^iuto  determine  whether  he  has  cooled  the  milk  to  the  rjhed 

Milk  is  usually  transported  in  the  milk  can  from  the  farm  to  a  receiving 
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station.  Many  farmers  use  the  services  of  a  contractor  to  liaul  the  milk. 
Sometimes  the  truck  is  late  and  in  summer  the  milk  stands  exposed  to  the 
diiect  lays  of  the  sun  and  conseipiently  rises  in  temperature;  in  winter 
the  milk  may  freeze.  A  small  covered  platform  should  be  provided  as  a 
collection  station  to  protect  the  milk  from  the  weather  and  to  provide  pro- 


P’lG.  19.  Surface  type  milk  cooler.  (Courtesy,  Creamery  Package  Co.) 

tection  for  the  returned  clean  cans.  The  trucks  should  haA'e  closed  bodies 
to  protect  the  can  from  dirt  and  sun. 


Cleaning  Utensils 

All  utensils  or  equipment  must  be  made  of  smooth  non-absorbent  mate- 
rial  and  constructed  so  that  they  are  readily  cleansed.  .Ml  joints  or  seams 
should  be  welded  or  soldered  Hush  with  the  metal.  Utensils  should  he  kept 

'"'nTmUk  hou.se  should  be  equipped  with  an  adequate  supply  of  fresh 
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cold  water  and  also  with  hot  water  or  steam  for  use  in  washing  utensils  and 
equipment.  “Wash-up”  operations  preferably  should  not  take  place  in  the 
same  room  where  the  milk  is  strained  and  cooled.  1  he  cleansing  of  equip¬ 
ment  is  a  dirty  messy  operation  and  may  contaminate  tlie  clean  milk  in 
storage.  Vats  with  at  least  two  compartments,  each  large  enough  to  handle 
any  piece  of  equipment,  must  be  provided  for  washing  the  utensils.  Sterili¬ 
zation  in  the  form  of  a  chlorine  or  a  similar  kind  of  solution  should  be  pro¬ 
vided.  A  drain  rack  is  also  desirable. 

Unclean  dairy  equipment  is  one  of  the  important  sources  of  microbial 
contamination  of  milk.  Micro-organisms  multiply  rapidly  on  the  surfaces 
of  dairy  utensils  which  are  milk-wet  from  previous  use.  Cleanliness  to  the 
eye  is  not  sufficient.  A  small  residual  contamination  will  afford  sufficient 
nourishment  for  bacterial  growth  in  enormous  numbers,  and  grossly  con¬ 
taminate  succeeding  portions  of  milk.  It  is  very  important  to  cleanse  the 
utensils  immediately  after  use  in  order  to  remove  all  nutrient  materials  for 
bacterial  growth,  and  to  prevent  drying  of  milk  residues.  If  utensils  or 
other  milk  equipment  smell  “milky”  they  are  unclean — tinned  iron  has  no 
odor. 


The  first  step  is  to  rinse  the  equipment  with  clean  cold  or  lukewarm  wa¬ 
ter.  If  hot  water  is  used,  the  milk  residues  may  be  coagulated,  or  cooked 
onto  the  surfaces  with  attendant  difficulty  in  removal.  Another  advantage 
of  the  pre-rinse  is  that  it  removes  the  excess  milk,  avoiding  pollution  of  the 
wash  water  with  these  residues.  Dirty  wash  water  not  only  fails  to  cleanse 
the  equipment  by  leaving  a  film  of  dirt,  but  it  also  weakens  the  detergent. 

After  rinsing,  the  utensils  should  then  be  scrubbed  in  a  good  alkaline 
deteigent.  this  may  consist  of  sodium  carbonate,  trisodium  phosphate,  or 
mixtures  ot  these  with  other  chemicals  to  soften  the  water  or  to  reduce  the 
corrosive  action  on  the  metal.  Soap  should  never  he  used.  It  leaves  a  film 
which  is  difficult  to  remove  and  protects  tlie  entrapped  viable  organisms 
from  bacterial  treatment.  The  water  should  be  as  hot  as  the  hands  will 
bear.  Ihe  amount  of  the  detergent  will  vary  with  its  composition  and  the 
hardness  of  the  water.  A  sufficient  amount  should  be  used  to  remove  grease 
effectively.  The  utensils  should  be  immersed  in  the  detergent  solution  and 
scrubbed  with  a  stiff  brush.  A  wash-rag  should  not  be  used.  After  thorough 
was  ling,  the  utensils  must  be  rinsed  in  clean,  warm  or  preferably  hot, 


he  bactericidal  treatment  of  the  cans,  strainer,  pails,  cooler,  stirrer 
and  other  equipment  may  consist  of  the  use  of  steam  or  chlorine  as  the 
disinfectant  borne  municipalities  require  that  the  equipment  be  plaL 
in  a  cainnet  and  thoroughly  steamed.  Dthers  require  thorough  scalding^ 
Ihe  most  effective  treatment  is  to  place  all  equipment  in  large  autoclaves 
and  sterilize  them  under  steam  pressure.  When  utensils  are  scalded  by 


86 


THE  PRACTICE  OF  SANITATION 


immersion  in  hot  water,  a  relatively  large  amount  of  water  is  necessary. 
The  practice  of  pouring  scalding  water  from  a  tea-kettle  into  a  milk  vessel, 
rinsing  the  inside,  then  pouring  this  water  into  the  next  utensil,  and  so  on 
repeatedly,  is  no  better  than  a  poor  rinse,  because  the  water  cools  rapidly 
and  soon  loses  what  little  bactericidal  effect  it  had. 


When  chlorine,  usually  in  the  form  of  hypochlorite,  is  used  as  the  bac¬ 
tericidal  agent,  the  utensils  must  be  given  a  good  rinse  with  clean  water 


so  that  all  foreign  matter  or  dirt  is  removed,  since  organic  matter  combines 
with  the  chlorine,  whether  it  be  in  the  form  of  bacteria  or  residues  of  milk 
or  particles  of  stable  dust,  reducing  the  amount  of  disinfectant  available 
for  action  on  bacteria.  Chlorine  solution  for  equipment  sterilization  should 
contain  about  200  parts  of  chlorine  per  million  parts  of  water.  It  is  usually 
made  up  from  “chloride  of  lime”  or  from  various  commercial  preparations 
of  chlorine.®  Other  disinfectants  may  be  used  in  accordance  with  methods 
that  have  been  found  to  give  satisfactory  results. 

Several  methods  are  advocated  for  cleansing  milking  machines.  Since 
there  may  be  specific  state  laws  or  recommended  procedures  of  state  or 
local  health  departments  no  single  method  can  be  recommended  for  every 
locality.  In  general  any  method  adopted  should  include  physical  cleaning 
of  the  entire  apparatus  followed  by  some  bactericidal  treatment.  Between 
milkings  the  machine  and  its  appurtenances  should  be  stored  in  such  a  way 
that  contamination  will  be  prevented.  The  whole  system  should  be  sub¬ 
jected  to  a  bactericidal  flushing,  just  prior  to  re-use. 

The  physical  cleaning  should  start  by  drawing  through  the  milking- 
machine  3  to  4  gallons  of  tepid  water.  This  rinses  out  any  remaining  milk. 
The  machine  should  then  be  disassembled  and  all  parts  brushed  with  clean 
stiff  brushes  to  remove  any  adhering  milk  particles.  The  type  of  bacterio¬ 
logical  treatment  may  be  one  of  several.  Use  of  water  at  180°  F.  sucked 
through  the  milker  is  accepted  in  some  areas.  A  chlorine  or  other  suitable 
disinfectant  solution  can  be  used.  A  lye  solution,  0.4  to  0.5  per  cent  in 


strength,  is  also  used.  When  the  hot  water  rinse  is  used,  the  teat  cups  and 
rubber  tubes  are  usually  stored  in  a  dry  protected  place.  Should  lye  be 
used  a  hot  rinse  (180°  F.)  usually  precedes  it;  the  cups  and  tubes  are  then 
filled  with  the  lye  solution  and  left  until  the  machine  is  to  be  used  again, 
when  the  solution  is  rinsed  out.  Lye  solutions  corrode  aluminum,  a  metal 
commonly  found  in  milking  machines.  The  machines  should  be  disas¬ 
sembled  for  cleaning  at  least  once  a  week. 

After  sterilization  utensils  must  be  stored  in  such  a  manner  that  they 
are  protected  from  contamination  by  dust  or  dirt.  Paper  strainer  discs  must 
be  kept  in  the  original  package  and  handled  in  a  manner  that  will  keep 

their  surfaces  sterile. 
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Personnel 

It  is  important  that  anyone  having  a  part  to  play  in  the  production  of 
milk  be  free  from  any  communicable  disease  and  from  contact  with  per¬ 
sons  having  such  diseases.  Enforcement  of  regulations  of  this  effect  is  diffi¬ 
cult  because  of  the  slowness  with  which  notices  or  reports  of  communicable 
disease  may  reach  the  health  department.  Often  by  the  time  the  quarantine 
is  established  and  the  involved  milk  dealer  notified,  the  communicable 
stage  of  the  disease  has  passed.  Occasions  have  been  known  where  the 
patient  had  recovered  sufficiently  to  return  to  work  by  the  time  cjuaran- 
tine  regulations  were  instituted  by  the  health  department.  This  places  a 
serious  responsibility  of  self-regulation  on  the  dairy  farmer  and  demon¬ 
strates  the  importance  of  educational  methods. 

A  physical  examination  upon  employment,  similar  to  that  required  for 
food  handlers,  should  be  given  all  new  employees.  Particular  attention 
should  be  noted  of  any  history  of  illness  that  might  indicate  a  typhoid  or 
paratyphoid  carrier.  Milk  handlers  should  be  carefully  observed  each  day 
for  evidence  of  illness  and  if  showing  signs  of  infection  be  relieved  immedi¬ 
ately  from  work  which  involves  handling  the  milk  or  equipment. 


MILK  PLANTS 


These  may  be  small  country  receiving  stations  or  large  pasteurizing 
establishments.  The  country  receiving  station  usually  owned  by  an  urban 
milk  producer  is  a  local  point  for  the  collection  of  milk  from  nearby  farmers. 
Upon  receipt  at  the  station  the  milk  is  checked  for  taste  or  odor,  tested  for 
sediment,  and  samples  for  butterfat  content  and  bacterial  counts  are 
taken.  The  milk  is  weighed  and  then  passed  into  chilled  tanks.  Milk  is 
commonly  transported  in  glass  lined  trucks  or  railroad  cars  to  the  urban 
pasteurization  plants  which  frequently  cover  a  milk  shed  of  300  miles. 

Milk  is  purchased  on  the  basis  of  butterfat  content  and  sanitary  quality 
as  shown  by  tests. 


^lilk  cans  are  washed,  sterilized,  and  dried  before  being  returned  to  the 
arm.  IMechamcal  can  washers  are  generally  used  in  these  stations  They 
vary  m  size  and  type  in  relation  to  the  number  of  cans  cleaned  per  hour. 

lese  washers  utilize  the  basic  detergent  principles  previously  discussed 
tor  farm  utensil  cleaning. 


PASTEURIZATION 


I  asteurization  is  the  only  public  health  measur 
applied,  will  adequately  protect  against  all  infection 
organisms  which  may  have  entered  the  milk  prior  t( 
A  law  established  by  Denmark  in  1898,  requiring  tl 


which,  if  properly 
milk-borne  disease 
pasteurization.  ”8 
heating  of  all  milk 
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to  a  temperature  of  185°  F.  before  being  fed  to  calves  as  a  means  of  pre¬ 
venting  bovine  tuberculosis  infection,  was  the  forerunner  of  commercial 
milk  pasteurization.  By  1907  the  first  commercial  plant  pasteurization 
apparatus  was  installed  in  New  York  City.^  At  least  5  states,  18  counties, 
and  870  municipalities  in  the  United  States  now  require  that  market  milk 
be  pasteurized.  Of  these  only  349  municipalities  exempt  certified  milk  from 
the  pasteurization  requirement.^® 

Careful  tests  in  laboratory  and  commercial  milk  plants  confirmed  by  the 
experience  of  many  years  have  shown  that  the  heating  of  milk  to  a  tempera- 


Fig.  20.  Insulated  truck  for  the  transportation  of  milk.  (Courtesy,  H.  S.  Adams, 
“Milk  and  Food  Sanitation  Practice”,  p.  17.) 


ture  of  143°  F.  for  30  minutes  makes  it  safe  from  pathogenic  bacteria. 
The  high  temperature-short  time  method  of  pasteurization  is  used  in  many 
plants  handling  large  volumes  of  milk.  This  process  employs  a  temperature 
of  161°F.  for  15  seconds. 

Pasteurization  is  the  principal  safeguard  between  a  contaminated  milk 
supply  and  the  public.  For’  this  reason  a  high  degree  of  skill  and  con¬ 
scientiousness  is  required  of  all  personnel.  Methods  must  be  dependable, 
equipment  be  constructed  of  material  and  of  a  type  that  peimits  eas}  anc 
effective  cleaning,  with  adequate  precautions  taken  to  detect  and  avert 

faulty  operational  procethires. 

The  steps  of  treatment  in  pasteurizing  are: 

a.  Beceipt  at  the  pasteurizing  plant  where  the  cans  of  milk  arc  poured 
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into  a  weighing  tank.  From  this  tank  the  milk  flows  by  gravity  to  a 
dump  tank. 

b.  From  the  dump  tank  the  milk  goes  to  milk  pumps  and  then  through  a 
milk  filter  or  clarifier  to  holding  tanks  or  directly  to  pasteurizers. 

c.  The  milk  next  goes  from  the  pasteurizer  to  the  cooler. 

d.  From  the  cooler  it  is  sent  to  the  bottle-filler  and  thence  to  cold  storage 
rooms  or  to  trucks  for  immediate  distribution. 

When  the  milk  is  received  at  the  pasteurization  plant  it  is  poured  into 
a  weigh  tank.  At  the  same  time  the  underside  of  the  can  cover  is  sniffed 
immediately  after  it  is  taken  off  the  can  to  check  on  any  undesirable  odors. 
Feeling  the  outside  of  milk  cans  gives  a  rough  check  of  temperature  con¬ 
trol.  Samples  of  the  milk  for  determining  butterfat  content  and  bacterio¬ 
logical  counts  are  also  taken.  The  bacteriological  samples  may  be  taken  to 
a  laboratory  for  plating  or  direct  counts  from  smears  may  be  made  right 
on  the  platform  at  the  time  of  sampling.  The  weighing  operation  is  re¬ 
quired  by  the  producer  since  farmers  are  compensated  on  the  basis  of  total 
butterfat  content;  this  particular  step  is  not  required  for  public  health 
reasons. 


The  empty  cans  are  passed  through  a  can  washing  operation  where  they 
are  carefully  cleansed  and  “sterilized”. 


The  milk  flows  from  the  weigh  tanks,  usually  by  gravity,  to  milk  pumps 
which  force  the  milk  through  filters  for  the  purpose  of  removing  any  dirt. 
These  filters  are  made  by  stretching  filter  cloth  over  circular  or  flat  metallic 
semens,  they  are  usually  located  before  the  regenerator  or  between  it  and 
the  pasteurizer.  Extraneous  material  may  also  be  removed  by  centrifugal 
separation  in  power-driven  machines  called  clarifiers.  When  centrifugal 
clarifiers  or  separators  are  used  they  are  installed  to  receive  milk  directly 
from  the  dump  tank;  they  discharge  to  the  milk  pump. 

Fiom  the  clarifier  the  milk  may  flow  to  cooled  tanks  for  holding  or  it 
may  be  run  directly  into  a  pasteurizing  unit.  The  route  taken  depends  upon 
the  operation  in  the  plant  at  the  time. 


The  high  temperature-short  time  method  (]()1°  F.  for  15  seconds)  has 
replaced  the  30  minute  holding  method  in  some  areas.  For  either  method  a 
goo<  supply  of  steam  is  roquiied.  A  plate  type  of  pasteurizer  is  iu  common 
use  (Figure  21).  1  lus  consists  of  a  series  of  plates  so  formed  and  arranged 
at  milk  can  flow  through  the  plates  iii  one  channel  and  the  heating 
medium  flow  m  the  opposite  direction  in  another  channel.  The  space 
be  ueen  alternate  |)lates  proviiles  passage  for  the  flow  of  the  milk  In 

iwher™!’  "'i  1  used  for  the  steam  or  hot 

natei  Ihe  plates  are  mounted  between  two  terminal  heads  presenting 

something  m  appearance  like  a  filter  press.  The  pressure  in  Ihe  pLsteilrized 
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milk  system  should  be  higher  than  that  in  the  heating  fluid  to  prevent 
contamination  of  the  milk  by  the  heating  medium,  should  a  leak  develop 
between  the  two  systems.  Pathogens  are  destroyed  as  effectively  by  this 
method  as  by  the  30  minute  method  but  thermophilic  bacteria  may  be 
difficult  to  control.®’ 

Another  important  part  of  the  new  type  pasteurizer  is  the  control  system 
that  will  prevent  any  improperly  or  inadequately  pasteurized  milk  from 
entering  the  pasteurized  milk  supply.  Two  methods  can  be  used,  both 
based  on  temperature  controls.  One  is  the  flow  diversion  valve  which  will 
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Fig.  21.  Outline  of  the  high  temperature  milk  pasteurization  process.  (Courtesy, 
Creamery  Package  Co.) 

nass  the  milk  coming  from  the  pasteuiizod  side  of  the  unit  hack  '"‘o 
raw  milk  entrance  if  the  temperature  <lrops  helow  a  certain  e'®  "  ' 
milk  pump  stops  serve  the  same  purpose  hy  ceasing  operation  if 
ncrature  drops  below  the  pasteurizing  point. 

^  T  r  •  1  1  tanks  for  the  holding  method  of  pasteurization  aie  a  s 

"a  ppt^le  —  - -">1- 

Hie  milk  is  heated,  ov^rha^g^^  the  , taste, irizer 

heating  medium  ciuiilate. .  .  ■  n,otects  the  milk  during 

vat  anil  sloping  downwar.l  '>;7  *  “  ‘  i,,e  jacket.  Hot 

pasteurization,  hither  steam  oi  lo  sprayed  in  a 

rir:;!.  uie  ■I'"-™-  " 
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recirculated  through  the  hot-water  boilei-  where  it  is  heated  to  the  proper 
temperature  before  entering  the  pasteurizer  again. 

Some  means  of  agitating  the  milk  shoidd  be  installed  in  each  holding  vat. 
This  usually  consists  of  a  jiaddle  or  vane  on  a  \’ei-tical  shaft  that  slowly 
revolves,  keeping  the  milk  in  constant  movement.  This  step  is  necessary 
to  assure  thorough  heating  of  all  of  the  milk.  The  space  between  the  milk 
surface  and  the  vat  cover  must  also  lie  heated.  Agitating  the  milk  will 


Kig.  22.  Multiple-process  liolding  pasteurizers,  Heatlnvood  Farms,  Lansing,  Midi 
(Courtesy,  Creamery  Package  Co.)  ^ 


foim  a  certain  amount  of  foam,  ami  unless  those  hubbies  are  speciallv 
leated  they  « il  become  cooled  ti-om  the  vat.  cover  and  serve  as  an  insulating 
ayey  o  the  milk  in  the  vat  preventiiiK  some  of  the  milk  from  being  com- 
P  etely  p.asteurized.  A  frequent  methoil  of  air  space  heating  is  the  intro¬ 
duction  ol  live,  dry  steam  into  the  air  space  in  sufficient  qtiantitv  to  keep 
the  temperature  at  148°  F.  imu.iu.y  ui  Keep 

After  pasteurization  the  milk  is  quickly  cooled  to  about  45°  F  This  is 

le  laim,  page  83.  .Jacketed  tubular  coolers  rvith  the  outer  shell  carrvine 
the  cooling  solution  are  also  used.  This  equipment  is  more  difficult!  S 
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than  surface  coolers  and  for  this  reason  is  not  as  popular.  Ice  water,  brine  or 
direct  expansion  ammonia,  freon  or  sulfur  dioxide  are  used  as  cooling 
media.  A  recording  or  indicating  thermometer  is  installed  in  the  discharge 
from  the  cooler,  so  that  control  and  proper  cooling  is  possible.  Exposed 
surface  coolers  introduce  a  chance  for  airborne  contamination,  so  require¬ 
ments  of  operation  should  include  the  location  of  the  cooler  in  a  separate 
room  used  for  no  other  purpose,  or  else  coverage  with  a  removable  and 
cleanable  shield. 

The  present-day  pasteurizers  are  built  to  conserve  energy  by  an  inter¬ 
change  of  temperatures  between  the  cold  raw  milk  and  the  hot  pasteurized 
milk.  As  the  hot  milk  leaves  the  pasteurizer  it  passes  through  plates  or 
coils  that  are  jacketed  by  the  cold  raw  milk  flowing  to  the  pasteurizer. 
The  cold  raw  milk  cools  the  hot  pasteurized  milk  appreciably  while  at  the 
same  time  heat  is  received  in  the  cooling  process.  During  this  regeneration 
process  the  raw  milk  will  be  raised  from  40  F.  to  as  much  as  120  F. 
and  the  hot  pasteurized  milk  cooled  from  142°  F.  to  62°  F.  A  similar  inter¬ 
change  of  temperatures  is  possible  on  the  high  temperature-short  time 

pasteurizers. 

A  separate  cooling  unit  for  cooling  the  pasteurized  milk  to  the  required 
temperature  can  be  installed  in  the  regenerator. 


Temperature  Control 

The  temperature  margin  between  destruction  of  the  resistant  tubercle 
organisms  and  impairment  of  the  organoleptic  (taste  and  appearance) 
quality  of  the  milk  is  relatively  narrow,  from  140°  F.  to  145°  F.  for  an 
extended  period  of  time.  Health  considerations,  allowing  a  margin  o 
safety  preclude  a  pasteurization  temperature  below  142°  F.  and  commercia 
cSrations  preclude  a  treatment  above  about  145”  F.  In  order  to  ho  d 
the  temperature  between  these  limits,  it  has  been  necessary  to  provide 
accurate  thermostatic  control.  In  aildition,  health  department  ■'eKulations 
reiiuire  that  a  permanent  record  of  the  temperature  and  t>me  be 

L'intained  for  any  pasteurization  period,  ^ 

rotatinu  drums  of  clock-like  mechanisms  which  aie  usual  y  made 

i  L  Le  rotation  in  12  hours.  The  charts  are  graduated  to  coincide 
with'’ the  speed  of  the  clock.  The  temperature  of  the  milk  is  transmitted 
1  iiidra  bulb  Htting  to  the  recording  chart  in  the  pasteurizer  hy  means  of 
^1-  ^1  •  t  fipviblc  metallic  tube.  This  temperature  record  is  not  so  ac- 

t'  as' ti  e  Indicating  thermometer,  anil  the  past  plant  pasteurizing 
performance  is  gauged  by  correcting 
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A  correct  temperature  control  and  period  ot  service  of  the  hand-operated 
sing;le  vat  pasteurizer  is  easily  determined  l)y  reading  the  tempeiatuie 
from  the  indicating  thermometer  and  noting  on  the  recording  temperature 
chart  the  length  of  time,  in  addition  to  the  regulation  thirty  minute  period, 
required  for  tilling  the  tank  beyond  the  level  of  the  recording  thermometer 
bulb.  It  is  obvious  that  the  temperature  curve  will  register  pasteurization 
levels  as  soon  as  the  level  of  the  incoming  milk  reaches  the  bulb.  The 
thirty  minute  holding  time  must  be  gauged  from  the  time  the  last  milk 
enters  the  vat  (if  the  milk  is  heated  outside  the  vat)  to  the  time  it  begins 
to  discharge.  Where  the  milk  is  heated  in  the  vat,  the  indicating  ther¬ 
mometer  and  the  recording  temperature  chart  show  the  heat  treatment, 
provided  no  milk  is  added  after  the  maximum  temperature  has  been 
reached. 

The  continuous  type  of  pasteurizer  always  provides  for  heating  the 
milk  outside  the  pasteurizer  tubes,  pockets  or  tanks.  The  recording  tem¬ 
perature  chart  registers  only  a  continuous  line  at  the  pasteurizing  temper¬ 
ature  level  because  the  bulb  is  continuously  immersed  in  the  milk  at  this 
temperature.  The  correctness  of  the  timing  treatment  in  a  tubular  pasteuri¬ 
zer  is  estimated  by  introducing  some  easily  determinable  product  in  the 
milk  as  it  enters  the  holding  device  and  then  reading  from  a  watch  the 
length  of  time  which  elapses  before  the  product  appears  at  the  outlet  end 
of  the  holder.  The  indicating  substances  most  generally  used  are  chlora¬ 
mine,  inanine,  starch  iodide,  and  the  test  organism  Bacillus  prodigiosus. 
The  permanence  of  the  adjustment  is  assured  by  gearing  the  pump  to  a 
motor  of  reasonably  constant  speed. 


Accurate  indicating  thermometers  should  be  used  frequently  to  check 

the  temperature  m  the  milk  as  received  at  the  platform,  maintained  in  the 

storage  tanks,  developed  in  the  pasteurizers,  cooled  by  the  post-pasteuri- 

zation  coolers,  and  in  the  storage  rooms.  Recording  thermometers  should 

be  checked  frequently  against  indicating  thermometers  and  adjusted  ac¬ 
cordingly. 

Tests  for  Under-Pasteurization.  Several  laboratory  tests  have  been 
developed  0  determine  whether  milk  or  cream  luus  been  eHectivelv  pas- 
teuiizeib  J  he  most  satisfactory  and  widely  used  of  these  is  based  on  the 
sensitivity  ol  he  enzyme  monophosphoesterase  to  the  destructive  effects 
of  heat  near  the  pasteurization  temperature.  About  9(1  per  cent  orthe 
z.vme  in  law  milk  is  destroyed  by  heating  at  143°  F.  for  30  minutes 
\ery  sliglit  ileviations  in  temperature  or  holding-time  can  be  detected' 

mw  milk  as ‘o'  '"'“‘T'''''  small  amounts  of 

lav  milk  as  O.o  per  cent  are  easily  determimible  Th^  fr.  f  •  i  i  , 
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sodium  phenyl  phosphate.  The  phenol  is  colored  blue  by  the  addition  of 
2,6  dibromoquinonechloroimide,  the  intensity  is  measured  colorimetrically, 
and  the  efficiency  of  {lasteurization  determined  by  the  color.  Page  70. 

In  rare  instances  false  indications  of  under-pasteurization  have  been 
noted  when  this  test  has  been  used.  This  has  been  caused  by  the  presence 
of  Lactobacillus  enzymothcnnophlus,  a  heat  resistant  organism.^  So  that 
laboratory  results  are  not  misinterpreted,  all  samples  indicating  under- 


Package  Co.) 

pasteurisation  shoukl  l.e  repasteurisecl  in  the  lahoratory  to  prove  infection 
i;,  treat  resistant  organisms.  ■<  C'antion  must  he  rusecl  m  applying  tins  test 
to  chocolate  drink  or  to  cream  separated  after  pasteuiiz.dion. 


Bottle  Fillers 

A  oovced  -onveyor ...  is  .r;!: .:::r 

washers  to  the  automatR.  hllmg  maU  • 

constant  levels.  The  J  j”'  ,i,e  automatic  capping  machine. 

This  machine  places  a  cardboaid  d  s  .  (  \  )  ^  _ 

each  bottle  as  it  passes  and  presses  it  into  the  lap  seat.  Ai 
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ations  are  performed  automatically  without  any  manual  contacts.  Oc¬ 
casionally  a  cap  is  not  seated  correctly  or  a  bottle  may  not  be  properly 
filled.  Such  bottles  should  be  set  aside  at  once.  No  attempt  should  be  made 
to  complete  the  fill  or  to  adjust  the  seating  of  the  cap  by  hand.  Milk 
bottle  caps  or  single  service  containers,  when  used,  should  be  purchased 
in  their  original  cartons  and  stored  in  a  dry  place. 

Storage 


After  bottling,  the  milk  is  immediately  conveyed  to  the  storage  rooms. 
The  temperature  here  is  maintained  between  35°  and  40°  F.  As  a  matter 
of  fact  the  temperature  fluctuates  rather  widely  when  new  batches  are  put 
in  or  removed.  When  stored,  the  cases  of  bottled  milk  should  not  be  piled 
in  compact  stacks,  but  aisles  should  be  left  to  facilitate  cold  air  circulation. 

Bottle  Washers 


Proper  cleansing  and  bactericidal  treatment  of  liottles  before  filling 
is  a  critical  step  in  milk  production,  whether  it  is  a  pasteurized  or  raw  milk 
supply.  The  most  effective  and  economical  bottle  washers  are  the  power 
driven,  soaker  type  machines  illustrated  in  Fig.  23.  Dirty  bottles  are  fed  into 
the  machine  on  an  endless  conveyor  which  carries  them  through  several 
compartments  containing  an  alkaline  detergent  of  from  2  to  4  percent 
strength.  The  temperature  of  the  solution  in  each  compartment  becomes 
progressively  higher  up  to  a  maximum  of  about  140°  F.  to  100°  F.  and  is 
then  gradually  lowered  in  subsequent  compartments.  A  fresh  water  rinse, 
follo\\ed  in  some  installations  by  a  chlorine  solution  rinse,  results  in  the 
delivery  of  a  practically  sterile  bottle.  The  importance  of  clean  bottles  can 
not  be  overemphasized. 


Paper  Containers 

4  he  great  bulk  of  the  retail  milk  supply  is  packaged  in  pint  or  quart  glass 
bottles  The  availability  of  these  to  the  general  public  and  their  convenient 
s  lape  has  led  to  their  use  for  all  sorts  of  imrposes  by  the  consumer.  This 
abuse  has  constffuted  a  great  expense  to  the  milk  dealers  on  account  of  the 
loss  of  bottles  rom  distribution,  in  addition  to  the  necessity  for  installing 
expensive  bottle  washing  machinery.  To  circumvent  the.re  abuses  and 

rXs  boHle  ove.- 

tostinK,  as  tlie  glass  l.cttle  denerally' IheT-ur  '"'‘‘terial 

and  lor  supp„es .  s.-es  a..  ^ Lr ^ irr 
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chased  pre-fabricated,  shipped  in  tight,  sanitary  cartons.  Large  pasteur¬ 
izing  plants  manufacture  their  containers  on  the  premises,  providing  a 
continuous  movement  from  paper  stock  to  formed  containers,  paraffining, 
and,  finally,  to  the  bottle  filler.  The  same  precautions  taken  in  handling 
glass  bottles  must  be  observed  in  the  use  of  paper  containers. 


(Construction  of  Equipment  and  Buildings 

?^Iilk  handling  equipment  in  general  and  milk  pasteurization  equipment 
in  particular  must  be  constructed  so  that  all  parts  are  readily  accessible 
for  cleaning.  All  pipes  and  connections  must  be  completely  and  easily 
dismountable.  The  surfaces  of  pipes,  pumps,  walls  of  tanks,  filters,  cans, 
and  any  other  equipment  must  be  smooth  and  easily  cleaned.  They  should 
be  constructed  of  material  that  is  not  appreciably  attacked  by  milk  or  by 
the  chemicals  used  in  cleaning  them.  Glass  or  enamel  lined  equipment  has 
not  held  the  favor  it  once  possessed  because  of  the  chipping  of  the  coating 
leaving  bare  iron  exposed.  Cracks  in  the  enamel  preclude  effective  removal 
of  milk  residues  and  become  bacterial  contamination  foci.  Stainless  steels 
are  resistant  to  the  corrosive  action  of  milk  and  cleaning  agents,  take  a  high 
polish,  present  a  pleasing  appearance,  and  are  generally  used  in  the  con¬ 
struction  of  milk  plant  equipment. 

Only  “sanitary  piping”  should  be  used.  Ihis  designation  is  used  foi 

pipe  that: 

a.  Is  made  of  or  is  heavily  coated  with  non-corrodible  smooth  material; 

b.  Is  large  enough  so  that  all  pipe,  fittings,  and  connections  can  be 

cleanedreadily  with  a  brush;  ,  .  • 

c  Is  of  such  size  and  shape  that  it  can  be  inspected  to  determine  its 
cleanliness.  In  general,  a  diameter  of  U  inches  should  be  the  minimum  used. 

The  lengths  of  pipe  should  be  short  to  facilitate  cleaning,  ,  . 

d.  Is  free  of  any  sharp  bends  or  any  other  condition  including  dents  that 

would  make  it  difficult  to  clean.  i  i  i  i  r 

All  valves  on  the  inlet  and  outlet  sides  of  pastennzmg  units  should  be  of 

the  leak  nrotector  type.  These  \-alves  have  a  channel  cut  in  the  \ahe  p  ug 
lo  tlTt  if  mt  Lks  hito  the  valve  it  will  bo  diverted  to  waste  through  he 
channel  rather  than  allowed  to  enter  the  pasteurizing  vat  trom  the  mlet 

sky-lights  equal  in  area  to  at  c“icrele  or  the  is 

slt^cS^  r;  construction  that  makes  thorough  cleaning  difficult 
or  that  hides  poor  cleaning  should  be  avoidei . 
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Cleaning  (  )perations 


The  proper  and  effective  cleaning  of  dairy  plant  equipment  requires 
detailed  care.  If  any  traces  of  milk  are  left  in  the  equipment,  there  will  be  a 
growth  of  bacteria  which  infects  succeeding  batches  of  milk.  Cracks, 
crevices,  pockets,  dead  ends  of  pipes,  broken  insulation  covering,  exposed 
threads  or  connections  and  inaccessible  parts  of  the  machinery,  all  afford 
opportunity  for  small  amounts  of  milk  to  accumulate.  Spilled  milk  may 
seep  into  cracks  in  the  floor,  spread  under  machinery,  or  soak  into  packing 
or  insulation  of  equipment,  where  it  spoils  with  attendant  odor.  A  clean 
milk  plant  does  not  smell  “milky”.  Clean  equipment  does  not  feel  greasy. 

If  milk  is  not  properly  removed  from  equipment  before  hot  water  is 
applied,  if  hard  water  is  used  for  washing,  or  if  the  proper  detergents  are 
not  used,  a  porous,  hard  coating  of  a  mixture  of  milk  solids  and  salts 
insoluble  in  water  accumulates  on  the  equipment.  This  is  called  milk  stone. 
It  insulates  the  equipment  from  effective  cleaning  and  sterilization  and 
harbors  a  type  of  bacteria  which  is  heat  resistant. 


INIilk  apparatus  should  first  be  rinsed  with  lukewarm  water  which  removes 
most  of  the  residues.  Then  all  piping  should  be  taken  down,  the  equipment 
dismantled,  and  all  parts  thoroughly  scrubbed  with  a  stiff  brush  and  a 
deteigent  solution.  A  solution  such  as  one-half  of  one  per  cent  trisodium 
phosphate  or  mixtures  of  this  salt  with  carbonate  or  metasilicate  or  other 
chemicals  are  non-scale  forming  in  water.  A  Avash  trough  12  inches  deep 
and  12  inches  wide  and  long  enough  to  accommodate  the  greatest  length  of 
pipe,  must  be  provided.  After  the  equipment  has  been  cleansed  it  should 
be  thoroughly  rinsed  with  clean  water  and  reassembled  and  then  steamed  for 
about  5  minutes  from  the  time  the  steam  discharged  from  the  piping 
reaches  200°  F.  A  substitute  for  the  steam  is  the  use  of  a  chlorine  solution 
with  a  strength  of  from  100  to  200  ppm.  The  standards  of  cleanliness  and 
personal  hygiene  previously  discussed  for  milk  handlers  on  the  farm  on 
page  8/,  also  apply  to  the  milk  plant.  ’ 

Adequate  toilet  facilities  must  be  provided  in  convenient  locations 
Ihey  must  be  kept  clean  and  the  disposal  of  the  sewage  must  be  by  satis 
factory  methods.  Hot  and  col,l  water,  soap  an<l  towel"  must  Ivh  e  l 
m  conven.ent  y  place, 1  lavatories.  The  personal  hygiene  of  tirdairv 
«o.kers  must  be  as  good  as  that  already  discusse.l  for  food  handlers!  ' 
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these  preciuitions,  though,  cannot  guarantee  a  safe  supply.  In  general, 
the  same  requirements  for  dairy  barns,  milk  houses,  water  supply,  sewage 
disposal,  and  insect  and  rodent  control  already  discussed  apply  equally  to 
farms  producing  milk  for  pasteurization  or  milk  to  he  sold  raw.  The  milk 
handling  operations  must  be  performed  in  a  room  separated  from  the 
utensil  washing  operations.  Automatic  filling  of  bottles  must  be  used  and 
mechanical  capping  should  be  required. 

Raw  milk  operations  are  frequently  small  businesses.  This  may  permit 
the  advantages  of  owner  participation  in  all  activities.  Frequently,  due 
to  economic  considerations  it  means  that  proper  plant  and  equipment  can¬ 
not  be  purchased. 


Milk  Delivery 

Cases  of  milk  packed  on  the  delivery  wagons  for  retail  distribution 
should  be  protected  from  excessive  heat  in  the  summer  and  from  freezing  in 
the  winter.  The  former  is  accomplished  by  protecting  the  milk  from 
direct  exposure  to  the  sun,  and  by  keeping  the  bottles  covered  with  cracked 
ice.  The  temperature  of  the  milk  in  the  bottle  should  not  exceed  50°  F. 
In  winter  the  wagon  should  be  kept  closed  and  when  necessary  be  slightly 
warmed.  Although  the  milk  bottles  are  tightly  capped  (and  often  hooded) 
this  protection  does  not  excuse  dirty  transportation  and  delivery  practices. 
The  bottle  contaminated  by  handling  or  by  miscellaneous  street  dirt  may 
lead  to  contamination  not  only  of  the  milk  but  also  of  other  foods  m  the 
kitchen.  Cleanliness  contributes  to  the  safety  of  the  milk  and  at  the  same 
time  attracts  consumer  acceptance. 


DAIRY  PRODUCTS 

\Iilk  is  a  food  especially  well  adapted  to  processing  and  canning.  Evapor¬ 
ated  milk,  condensed  milk,  and  condensed  skimmed  milk  are  cannec 
commercially  in  large  <,uantities.  The  United  States  ^ 

tore  has  defined  evaporated  milk  as  containing  not  less  than  ‘-9  P‘, 
of  fat  and  not  less  than  25.0  per  cent  of  milk  solids; 
containing  not  less  than  8.0  per  cent  of  lat  and  not  less  than  -S-O  » 
cent  of  milk  solids;  and  condensed  skimmed  milk  as  containing  not  less  . 

24.0  per  cent  of  milk  solids  not  fat. 

HoMOGENizim  Milk 
ffomogenizatfon  h  at^mpfi^M^ 

cooling,  through  a  device  c  m-actice  the  milk  is  pumped 

H..  i„.i.  a™.i.  -1 

*1,. I- « “--i  "•« 


MILK  AND  MILK  PRODUCTS 


99 


Condensed  Milk 

Commercial  manufacture  of  condensed  milk  was  developed  by  Gail 
Borden  in  1856.  His  original  process  concentrated  milk  in  a  vacuum.  It  was 
soon  discovered  that  the  keeping  qualities  of  the  milk  were  enhanced  by  the 
addition  of  42  per  cent  of  sugar.  Only  market  milk  grade  is  used.  After 
cooling  to  40°  F.  in  the  holding  tank  the  milk  is  introduced  into  a  fore¬ 
heater  and  rapidly  heated  to  206°  F.  to  destroy  bacteria  and  dissolve  the 
sugar.  It  is  then  transferred  to  vacuum  pans  at  145°  F.  and  concentrated 
to  40  per  cent  of  original  volume.  Following  condensation  the  milk  is 
cooled  in  tubular  coolers  to  70°  F.  Cans  are  filled  by  automatic  fillers, 
and  then  sealed  and  released  for  sale.^^ 


Evapor.\ted  IMilk 

Unsweetened  evaporated  milk  was  developed  in  Switzerland  about  1884 
by  John  B.  Meyenberg.  In  this  process  60  per  cent  of  the  water  is  removed 
by  vacuum  heating  at  135°  F.  The  concentrated  milk  is  homogenized, 
cooled,  and  canned  using  automatic  filling  machines.  The  sealed  cans  are 
processed  by  sterilization  at  245°  F.  for  30  minutes.^* 


Dried  Milk 

The  use  of  dried  milk  has  been  known  for  centuries.®  Whole  malted  milk 
developed  by  William  Horlick  in  1883  was  the  first  successful  commercial 
type.  Sam  Percy  developed  the  spray  process  in  1872.  In  this  process  milk 
and  hot  air  are  forced  through  nozzles  into  a  chamber  at  180°  F.  with 
complete  loss  of  liquid.  The  resulting  powder  is  collected  from  the  floor  of 
the  dryer.  1®  Heated  drum  dryers  are  also  used  in  which  the  milk  is  pas¬ 
teurized  prior  to  drying.  After  drying,  the  powdered  milk  is  ground,  if 
necessary,  sifted  and  packed  for  individual  consumer  use.  Most  dried  milk 
IS  of  non-fat  solids  composition.  It  is  used  extensively  in  ice  cream,  bakeries 
and  cheese  products,  confections,  dried  soups  and  prepared  meats. 


Processing  Plants 

M  a  rule  milk  is  concentrated  and  canned  at  plants  located  in  small 

,v  tnu  k’"  ‘0  ‘he  source  of  supply.  It  is  usually  sathere.l 

y  t«ick  01  delivered  by  the  farmer  to  the  plant.  The  standards  for  raw 
m.lk  for  processing  should  he  no  less  stringent  than  are  those  for  raw 
aiket  milk,  and  the  use  ol  any  milk  which  has  started  to  ferment  anil  sour 
hoiild  not  he  tolerated.  Milk  delivered  to  the  plant  is  tested  lirst  for  fl  ' 
vor  and  oilor,  and  then  for  acidity  to  detect  e.vcessive  soiirimr and  to  deter’ 
mine  the  amount  of  phosphate  or  other  neutralizing  material  ivliich  mav  h 
.equired  to  permit  further  handling.  E.xcess  acidify  soon  tds  to 
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lation.  Off  flavors  or  odors  should  be  thoroughly  investigated  before 
the  milk  is  accepted. 

Oood  sanitation  vithin  the  plant  is  especially  important.  All  pipe  lines, 
tanks,  pumps,  etc.,  should  be  rinsed  and  flushed  with  very  hot  water  daily. 
The  equipment  should  be  dismantled  and  thoroughly  cleaned  each  day,  and 
after  it  is  assembled  the  following  day  it  should  be  rinsed  again  with  hot 
water  before  use.  Windows  in  the  milk  plant  must  be  kept  well  screened 
and  the  plant  kept  free  from  insect  and  rodent  infestations.  Controlled  use 
of  insecticides  should  be  practiced.  Page  79.  Other  sanitation  procedures 
that  apply  to  the  milk  plant,  page  87,  must  be  observed  in  milk  concentra¬ 
ting  and  drying  plants. 


Chocolate  Urink 

Chocolate  milk  drink  is  a  popular  beverage,  especially  in  summer.  It  is 
made  according  to  a  wide  variety  of  formulae.  The  Baltimore  City  De¬ 
partment  of  Health  initially  set  the  composition  standards,  namely,  that 
the  butterfat  content  shall  not  be  less  than  2.5  percent,  the  cocoa  shall  not 
exceed  5  per  cent,  and  the  sugar  shall  not  exceed  G  per  cent.  Other  health 
departments  have  adopted  various  standards.  The  milk  must  be  pasteurized 
and  handled  with  all  the  sanitary  care  accorded  the  regular  milk  supply. 
Cocoa  has  a  tendency  to  settle  out  and  form  a  more  or  less  compact  layer 
in  the  bottom  of  the  bottle,  which  is  difficult  to  resuspend.  Numerous  so- 
called  staliilizers,  emulsifiers,  or  suspending  agents,  are  added  to  the 
formulae  to  keep  the  cocoa  uniformly  in  suspension.  These  are  usua  y 
eum-like  or  colloidal  substances  of  vegetable  origin.  Chocolate  drinks, 
containing  little  or  no  milk,  are  usually  not  approved 
children  because  of  the  poor  nutritional  quality  and  the  fact  that 

intake  of  milk  is  usually  reduced. 

Fermented  Milk 

Thi.  Ii™  or  mill.  a*  “il  5.‘iA 
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Sterilized,  skimmed  milk  with  cultures  of  the  organism,  Lactobacillus 
acidophilus.  This  bacterium  develops  lactic  acid  but  the  accompanying 
bacterial  metabolic  products  are  greatly  different  from  those  produced  in  the 
making  of  buttermilk.  Acidophilus  milk  is  much  more  expensive  than 
buttermilk  because  great  care  and  costly  technical  supervision  are  required 
for  its  production.  The  acid  content  of  these  milks  usually  prevents  the 
growth  of  pathogenic  organisms. 

Vitamin  D  Milk 

The  enrichment  of  milk  with  Mtamin  D  dates  from  the  recognition  of  the 
prevalence  of  rickets,  faulty  tooth  structure,  and  other  symptoms  of 
inadequate  calcium  and  phosphorus  metabolism,  ^utamin  D  occurs  natur¬ 
ally  in  apiireciable  amounts  only  in  the  fish  oils,  in  eggs,  and  to  a  less  degree 
in  milk. 

Three  general  methods  are  used  to  increase  the  Mtamin  D  content  of 
milk.  The  milk  of  cows  fed  irradiated  yeast  mixed  with  their  feed  will  be 
increased  in  this  vitamin  content.  This  method  is  used  almost  exclusively 
for  producing  Vitamin  D  certified  milk.  The  product  is  called  metabolized 
milk.  When  milk  is  irradiated  with  ultra-violet  light  from  the  sun  or  from 
some  special  type  of  lamp,  its  content  of  Wtamin  D  is  increased.  This  is 
called  irradiated  milk  and  is  made  by  treating  regular  milk  before  pas¬ 
teurization.  When  fish  oils  are  treated  to  remove  their  unsaponifiable 
fraction,  this  portion  is  found  to  carry  practically  all  the  original  Vitamin 
D.  It  may  be  added  to  milk  to  increase  the  A'^itamin  D  content  to  the 
lecommended  level  of  400  units  per  quart.  This  is  known  as  fortified  milk. 


Ice  Cream 

Ice  cream  is  made  of  milk,  cream,  flavors  and  sugar,  to  which  may  be 
added  color,  eggs  and  stabilizers.  Condensed,  dried  or  evaporated  skimmed 
milk  may  replace  the  natural  product.  The  flavors  consist  of  vanilla 
ciocolate,  nuts,  and  fruits;  these  are  occasionally  fortified  with  synthetic 
compounds.  The  sugar  is  usually  sucrose  but  some  corn  sugar  is  used  to  a 
muted  extent.  It  is  necessary  to  add  coloring  materials  since  the  color  of  the 
fruit  or  flavor  is  not  strong  enough  to  oN^rcome  the  whiteness  of  the  con- 
centiated  milk  solids.  Ihe  colors  are  always  those  which  have  been  certified 

stuffs^dirsr  I  I^eparfment  of  Agriculture  to  be  safe  for  use  in  food¬ 
stuffs  Ihe  stabilizer  may  be  gelatin  or  a  vegetable  gum.  It  is  used  to  impart 

uttei-fat  m  the  mix  and  l,y  minimizing  tlie  ciystulline,  icy  texture  im 
parted  by  tile  freezing.  The  amount  of  tliis  staliilizer  is  trsually  iLs  than 
one-half  of  one  per  cent.  Some  brands  of  ice  cream.  high‘t!"m:i  loh!; 
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content,  are  made  without  the  addition  of  a  foreign  stabilizer.  An  average 
ice  cream  may  have  the  following  approximate  composition: 

Hutterfat .  12-14  percent 

Milk  solids  not  fat .  9-11  percent 

Cane  sugar .  14-16  percent 

Eggs .  0.3-0 .6  percent 

Stabilizer .  0.25-0.50  percent 

The  same  practices  and  safeguards  retpiired  in  the  production  of  fluid  milk 
apply  to  the  manufacture  of  ice  cream.  A  maximum  bacterial  content  of 
100,000  organisms  per  gram  of  ice  cream  is  generally  considered  to  be  a 
reasonable  requirement,  since  good  sanitary  practice  has  shown  that  many 
plants  regularly  produce  ice  cream  consitlerably  below  10,000  organisms 
per  gram. 

Manufacturing 

The  combination  of  ingredients  that  make  ice  cream  is  called  the  “mix”, 
prior  to  freezing.  ]\Iix  is  made  in  sanitary  vats  or  tanks  usually  glass- 
lined  or  made  of  stainless  steel.  All  the  ingredients  except  the  flavors  are 
weighed  or  measured  into  the  mixing  tank,  thoroughly  agitated,  and  then 
piped  to  the  pasteurizers. 

The  pasteurization  of  ice  cream  mix  follows  the  same  general  procedure 
as  for  milk.  The  equipment  must  be  built  of  materials  which  do  not  con- 
laminate  the  procUict  witli  copper  or  iron,  otherwise  certain  may 

develop  The  temperature  of  pastenrization  should  be  loo  1'.  tor  ,h) 
minutes  or  175°  F.  for  25  seconds.  These  higher  temperatures  are  necessary 
because  the  higher  content  of  solids  in  mix  (about  3(1  to  10  per  cent)  as 
compared  with  that  of  milk  (about  12  to  13  per  cent)  exerts  a  shght  pro¬ 
tection  against  the  bactericidal  effect  of  heat.  After  pasteunzat.on  the  mix 

is  homogenized  (page  98).  ,  ,  •  Tt 

From  the  homogenizer  the  ice  cream  mix  is  cooled  as  m  milk  plants. 

is  then  ready  for  freezing.  Most  freezing  is  done  in  so-cal  ed  hatch  fieezeis 

vhil  are  huge  scale  tlevelopments  of  the  ol.l  househohl  Ireezer,  but  are 

;,nstructed  m.  a  horizontal  instea.l  of  a  vertical  axis,  l-hey  coasts  o  a 

jacketed  metallic  cylinder  in  which  a  “dasher  lotates  on  j 

•  rtiillcd  brine  or  direct  expansion  ammonia  circulates  thiough  t 

otherwise  have.  An  additional  s  ...  v.riation  of  the  batch 

freezing  to  whip  the  mix  an.l  heat  an  inh  A  ,;„,„„.(,d  volume  of 

freezer  is  the  continuous  freezei  m  w  lu  cvlinder  where  a  rotating 

::”::.’’ro™s  rhe"m^  exerting  a  whipping  action. 
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The  “frozen”  mix  is  discharged  continuously  from  the  tube  under  the  front 
end  of  the  cylinder.  The  fruit  and  nut  flavmrs  are  added  just  before  the  ice 
cream  is  discharged  from  the  freezers.  The  chocolate  may  be  added  before 
the  mix  is  pasteurized.  When  chilled  and  whipped  mix  from  either  the  batch 
or  the  continuous  freezer  is  discharged,  it  has  the  consistency  of  thick 
cream.  This  is  packaged  and  stored  in  the  hardening  room  where  the 
temperature  is  maintained  at  about  10°  F.  Here  the  iiroduct  becomes 
hard.  After  hardening  the  ice  cream  is  stored  at  —10°  F.  until  used.  Ice 
cream  is  often  packaged  in  paper  cartons  for  both  bulk  shipment  and 
consumer  use. 

In  all  of  these  operations,  as  in  milk  handling,  the  product  can  be  and 
usually  is,  protected  from  human  contact  at  all  points.  However,  when  ice 
cream  is  served  from  bulk  containers  at  the  dispensing  fountain  or  res¬ 
taurant,  it  may  become  contaminated  by  a  dirty  dipper  or  by  the  dispenser. 
Proper  restaurant  sanitation  can  eliminate  this  danger. 

Some  ice  cream  stores  purchase  mix  and  freeze  it  in  counter  freezers. 
Unless  tlie  mix  is  properly  handled  and  the  freezer  kept  scrupulously  clean 
a  contaminated  product  will  result.  Alany  health  departments  prohibit  the 
use  of  counter  freezers.  Where  the  freezers  are  permitted  a  common  recpiire- 
ment  is  that  the  freezer  be  partitioned  by  glass  panels  or  otherwise  from 
the  store  proper.  In  any  case,  where  counter  freezers  are  permitted  proper 
facilities  for  cleansing  and  bactericidal  treatment  should  be  demanded. 

^  ^  Ice  cream  manufacturing  equipment  must  be  kept  scrupulously  clean. 
The  procedures  discussed  for  milk  plant  sanitation  apply  also  to  this  in¬ 
dustry.  See  Page  9(). 


Butter 

Butter  is  made  from  sweet  or  sour  cream  and  is  a  conglomeration  of  the 
natural  butterfat.  It  should  have  a  light  straw  color  with  a  fresh,  sweet  odor 
Commercial  butter  usually  contains  salt  but  a  limited  quantity  is  made 
without  It  Dairy  butter  is  made  on  the  farm  as  a  domestic  proihict  while 
creamery  butter  is  factory  manufactured. 

pathogenic  bacteria  which 
may  be  m  he  cream  or  enter  tire  product  tluougl.  improper  handling 

utilTztd'"  “  safeguards  comparalde  to  tliose  of  fluid  milk  must  be 

Cream  is  usually  separated  from  the  milk  on  the  farm,  held  for  a  short 

permd  u.  cooler  storage  below  ,i(l"  F.  an, I  then  transferred  to  the  creamer  . 

0th  sweet  and  sour  cream  are  iiasteurized  at  the  creamerv  ‘ 

should  be  accomplished  by  heating  the  cream  to  1  o')  V  ' 

it  at  that  temperature  for  30  minutes  or  bv  he  fin  : 

•)nn°  F  i  1-  ,  nu-s,  oi  t)y  heating  momentarilv  to  100- 

-00  I.,  I  .ompt  coohng  shouhl  follow  either  method.  After  pastetu^zriLn 
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the  cream  is  “ripened”  by  addition  ot  a  lactic  acid  culture  starter  and  held 
in  vats  at  60°  F.  for  about  24  hours.  After  ripening  the  temperature  is 
reduced  to  50°  F.  for  churning.  This  ripening  is  necessary  to  produce 
desirable  flavors. 

Churning  is  continued  for  about  40  minutes  after  which  the  butter  milk  is 
drawn  off  and  the  coagulated  butter  washed  with  pure  water.  Halt  is  then 
added  and  “worked”  into  the  butter,  which  is  then  manually  removed 
from  the  churn  with  a  paddle  and  stored  in  wooden  firkins  (tubs)  or  pack¬ 
aged  into  cartons  for  consumer  use.  Final  hardening  takes  place  in  a  chill 
room  at  — 10°  F. 

Strict  sanitary  procedures  must  be  employed  during  the  different  opera¬ 
tions.  All  equipment  must  be  scrupulously  clean,  disinfected,  and  dried 
prior  to  use.  The  manufacturing  processes  must  be  conducted  so  that  the 
butter  is  not  touched  by  the  hands  or  clothing  of  the  workmen.  Butter  is  a 
milk  product  and  must  be  handled  as  such.  It  absorbs  odors  and  so  should 
not  be  stored  with  other  materials  having  definite  odors. 

Butter  is  graded  in  accordance  with  standards  set  by  the  United  States 
Department  of  Agriculture.^  Flavor  is  the  most  important  factor  in  estab¬ 
lishing  grade.  The  better  grades  are  produced  from  sweet  or  only  moderately 
sour  cream.  The  following  grades  are  those  commonly  encountered: 

U.  S.  Cooking  grade — a  score  of  less  than  89 
U.  S.  grade  C  —a  score  of  89 

U.  S.  grade  B  —a  score  of  90 

U.  S.  grade  A  —a  score  of  92 

U.  S.  grade  AA  —a  score  of  93 

Oleomargarine  is  a  butter  substitute  made  by  churning  lactic  acid  cul¬ 
tured  skim  milk  with  vegetable  oils.  The  milk  is  fortified  with  \  itamin  . 
having  about  9,000  units  per  pound  of  margarine.  Manufacturing  processes 

are  similar  to  those  for  butter. 

Cheese 

Cheese  is  a  milk  product  made  from  casein  or  curd  produced  by  bacterial 
activity  called  “ripening”.  There  are  many  varieties  of  cheese  on  the 
market  but  the  basic  manufacturing  principles  apply  B)  all  types. 

Cdieese  curing  processes  may  destroy  pathogenic  bacteria  but  eveiy 
sanitary  precaution  in  the  handling  of  the  milk,  cleanliness  ot  ^Oinpment 

'  (]  Ivmdlimr  of  the  fresh  cheese  should  be  observed.  Pasteurization  of  the 

is  not,  .lone  .-outindy.  Typi.oid  fove.-  ont  UrcU^  have 

been  reported  from  the  consumption  of  green  cheese.  • 

receipt  at 

eAurTot  lactic  add  or  «our  milk,  and  rennet.  After  a  firm  curd  has  formed, 
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the  whey  is  drained  off  and  the  curd  is  cut,  “milled”  into  small  particles, 
and  salt  is  added  to  inhibit  imdesired  fermentation.  5barying  amounts  of 
curds  are  compacted  into  “hoops”  by  pressure.  After  formation  of  a  solid 
mass  the  cheese  is  removed,  bound  with  a  cloth,  and  returned  to  the  hoop 
where  it  is  kept  for  about  48  hours.  The  cheese  is  then  dried  with  a  cloth 
and  placed  in  a  curing  room  at  about  50°  F.,  usually  with  controlled 
ventilation  and  humidity.  Humidity  should  be  kept  between  40  and  70 
per  cent.  Curing  is  sufficient  after  14  days  when  the  cheese  is  ready  for  use. 
If  raw  milk  has  been  used  a  storage  period  of  at  least  6  months  is  desirable 
to  eliminate  any  pathogenic  organisms  originally  present  in  the  milk.^^ 
Moldy  cheese  when  present  in  the  curing  room,  may  be  cleaned  by  brushing, 
washing,  and  drying.  Cheese  is  packaged  in  wooden  boxes  or  in  small 
cartons  for  individual  consumption.  Storage  should  be  at  34°  F. 

These  general  methods  vary  in  many  respects  for  different  types  of  cheese. 
Cottage  cheese  is  a  good  example.  This  cheese  is  not  cured  and  has  a  high 
moisture  content.  Cream  is  added  to  give  the  desired  texture.  Only  pas¬ 
teurized  milk  and  cream  should  be  permitted  in  the  preparation  of  cottage 
cheese.  Storage  of  the  finished  product  should  be  at  about  40°  F.  to  prevent 
decomposition. 

Cheese  factories  must  be  kept  very  clean.  All  equipment  must  be  cleaned 
aftei  use,  and  sterilized.  Curing  rooms  may  become  infected  with  the 
cheese  fly,  and  require  appropriate  insect  control  measures.  Sanitary 
condffions  comparable  to  those  of  the  milk  plant  are  required.  Similar 
requirements  apply  also  to  personnel. 


SsUMMARY 

Milk  IS  one  of  the  most  satisfactory  and  satisfying  foods  available  to  man. 
t  can  be  used  m  its  fluid  natural  state,  as  a  confection  in  ice  cream,  or  as 
a  solid  food  in  cheese.  It  is  a  food  that  is  peculiarly  susceptible  in  many 
stages  of  handling  to  contamination  that  may  render  the  final  product 
larmful.  Every  step  m  the  handling  and  processing  of  milk  and  milk 
moducts  must  be  watched  carefully  so  that  there  will  be  no  contamination 
Il  ls  watching  IS  a  responsibility  of  the  whole  health  department  tLm 

ofthTZm  "“mbers 
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Chapter  VI 

WATER  SUPPLIES 


Water  is  of  peculiar  importance  to  all  public  health  people,  since  an 
adequate,  hygienically  safe  supply  is  essential  to  the  maintenance  of  human 
life.  Our  colonial  history  is  tied  intimately  to  available  water  supplies. 
The  growth  of  modern  industrial  life  is  dependent  on  an  adequate,  satis¬ 
factory,  and  constant  source  of  water. 

In  contradistinction  to  this  essential  role  of  water — of  importance  equally 
to  the  city  planner,  the  industrialist,  the  public  health  nurse  or  physician — 
is  the  negative  role  of  water  in  our  life.  Just  as  water  opened  new  routes  to 
commerce,  so  has  it  marked  the  means  of  transmission  for  several  diseases 
that  have  been  of  paramount  public  health  interest.  The  elimination  of 
water-borne  enteric  diseases  stands  as  a  memorial  to  the  combined  work 
of  the  engineer,  the  bacteriologist,  the  epidemiologist,  and  the  chemist. 
Maintenance  of  the  present  favorable  occurrence  of  these  diseases  will  be 
based  upon  a  clear  understanding  by  all  public  health  personnel  of  the 
need  for  a  safe  water  supply. 

The  most  important  water-borne  diseases  are  dysentery,  cholera,  typhoid 
fever,  and  amebiasis.  Feces  and  urine,  discharged  by  persons  suffering  from 
these  diseases,  or  by  carriers,  always  are  the  source  of  contamination. 
The  causative  organisms  of  these  diseases  do  not  reproduce  in  water  but 
die  rapidly  after  a  few  days.  Under  normal  conditions  they  may  live  for  a 
maximum  of  28  days,  although  many  die  before  this.  The  actual  number  of 
disease  organisms  in  a  polluted  water  supply  is  usually  small  and  the  water 
IS  only  a  temporary  habitat,  ser^dng  as  a  medium  of  transfer  from  the  in¬ 
fected  person  to  others  in  the  community. 

EberthcUa  tuphosa  (B.  typhosus)  and  Spirillum  cholerac  or  “comma 
bacillus  are  the  pathogens  responsible  for  the  greatest  number  of  ivater- 
borne  disease  epidemics.  Cholera  is  found  in  Europe  and  Asia  but  has  not 
occuiied  epidemically  in  the  Imited  States  since  1873.  Typhoid  fever  has 

been  rampant  at  various  times  in  many  places  and  continues  as  an  im- 
poitant  V  atcr-borne  disease. 

The  first  recortUd  cholera  epidemics  to  reach  P]urope  or  the  United 
States  began  m  181/ m  India  and  spread  throughout  Europe  by  1830 
reaching  into  northern  Africa  in  18,32.  Several  other  chnlm-  ^  \ 

occurred  during  the  mid-nineteenth  century.  All  followed  the^'miteTof 
tiade  or  emigration.  Infected  drinking  water  ‘ind  nrut.- 
conditions  were  important  factors  in  the  spread  of  the  (1^1^^' 
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An  epidemic  of  cholera  occurred  in  London  in  1854,  which  was  shown 
by  Dr.  John  Snow  to  have  been  caused  by  polluted  drinking  water  from  a 
certain  well  located  in  Broad  Street.  The  detailed  epidemiology  presented 
in  the  original  report  established  beyond  question  that  persons  using  other 
sources  of  drinking  water  were  unaffected  except  as  they  may  have  become 
contact  cases.^®  Conclusive  evidence  was  developed  which  established  the 
“Broad  Street  well  epidemic”  as  the  first  proved  infection  of  human  beings 
from  a  water  supply. 

The  disastrous  cholera  epidemic  in  1892  in  Hamburg,  Germany,  was 
caused  by  the  pollution  of  the  Elbe  River  with  human  wastes  discharged 
from  ships  anchored  in  the  stream.  This  epidemic  proved  the  value  of 
slow  sand  filtration  to  remove  liacteria  from  water. Both  Hamburg  and 
the  adjacent  city  of  Altona  used  the  polluted  Elbe  River  for  water  supply. 
The  Altona  supply  was  additionally  contaminated  by  sewage  from 
Hamburg,  but  was  protected  by  treatment  with  slow  sand  filters.  Ihe 
epidemic  was  limited  to  the  Hamburg  area  which  used  unfiltered  water. 
This  city,  with  a  population  of  040,000,  had  17,000  cases  and  8,605  deaths, 
while  Altona,  with  14,300  inhabitants,  had  only  500  cases  with  39  deaths. 
It  was  easily  demonstrated  that  the  Altona  infections  were  contact  cases  or 
resulted  from  use  of  the  unfiltered  Hamburg  water  supply.® 

The  first  epidemic  of  typhoid  fever  traced  to  a  water  supply  occurred  m 
Lausen,  Switzerland  in  1872.  In  a  population  of  780  some  130  cases  ap¬ 
peared ’between  August  and  October.  Investigation  proved  that  the  in¬ 
fection  came  from  the  public  water  supply  which  was  obtained  from  a  spring 
or  “well”  fed  by  a  subterranean  stream.  Actually  the  source  of  the  spring 
was  a  brook  located  on  the  opposite  side  of  the  mountain  from  Lausen 
Wastes  from  a  typhoid  patient  were  thrown  into  the  brook  some  -  mi 
distant  from  the  spring,  contaminating  the  town  supply. 

Atoy  investigators  fii  recent  years  have  questioned  tiie  rehdionsiiip  of 
water  to  the  spread  of  poliomyelitis.  The  virus  of  poliomyelitis  has  fie- 
quently  been  recovered  from  sewage,  however,  water  is  not  a  vcctoi 
disease.  Chlorination  of  water  supplies  will  inactivate  t  le  ' 

R^gid  control  of  water  .supplies  has  been  the  1  e 

of  the  typhoid  fever  death  rate  since  the  beginning  of  ‘  f  . 


(FSu:r2;n;;;ite  ;m:i;rn  pm-i  P-esses  epidemics 

tiethventuiy  i  h  i-  i  ..r-iri  /l\r«pntorv  have  occurred  at 

„f  water-borne  typhoid  fever,  i  nd  n  my  ^ 

frequent  interval  during  the  past  2.)  >oai^.  , 

epidemics  may  be  traced  to  'I"  water,  surface 
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lines.^' The  smaller  cities  and  towns  have  suffered  the  most. 
Table  5  discloses  that  65.70  percent  of  the  epidemics  occurred  in  cities 
with  less  than  5,000  population  and  only  1.58  percent  in  cities  over  1,000,000 
persons. 

Courts  have  generally  awarded  damages  against  both  private  and  public 
water  supply  officials  found  responsible  for  water-borne  illness.  This  has 
become  an  established  principle,  particularly  when  negligence  or  incompe- 


YEAR 

Fig.  24.  Typhoid  death  rate  curve,  registration  area  of  the  United  States 


tonoe  is  proved  The  city  of  Clean,  New  York,  as  an  example,  was  forced 
o  float  a  special  hon.l  issue  of  $350,000  to  cover  damage  verdicts  obtained 
)y  victims  of  a  water-borne  typhoid  fever  epidemic  in  1929. 

Health  and  water  supply  officials  must  recosnize  that  many  outbreaks 
could  have  been  prevented  by  strict  supervision  of  plant  opLtion  an<l 
elimination  of  potential  pollutional  hazards.  This  is  illustrated  bv  Table 
f  showing  the  cause  ol  the  larger  outbreaks  in  this  countrv  iluring  ihe  past 


TABLE  4 

Classification  of  Water-Borne  Disease  Outbreaks  in  the  United  States,  1920-1945* 


Out¬ 

breaks 

Re¬ 

ported 

Cases  of 
Typhoid 
and  Para¬ 
typhoid 

Cases  of 
Dysentery 
and  Diar¬ 
rhea 

Total 

Persons 

Affected 

3S 

694 

3,143 

3,837 

42 

565 

786 

1,351 

12 

103 

29,288 

29,391 

34 

684 

571 

1,255 

10 

185 

400 

585 

65 

1,254 

2,382 

3,636 

20 

209 

621 

830 

9 

35 

447 

482 

41 

340 

1,630 

1,970 

32 

881 

1,984 

2,865 

66 

457 

2,002 

2,459 

25 

176 

1,076 

1,252 

11 

424 

12,370 

12,794 

9 

585 

1,419 

2,004 

2 

4 

46 

50 

28 

436 

61,531 

61,967 

44 

1,523 

9,910 

11,433  • 

26 

620 

6,370 

6,990 

1 

7 

13 

1,022 

1,035 

2 

47 

40 

87 

73 

2,154 

53,575 

55,729 

• 

4 

158 

2<»0 

448 

2 

0 

266 

266 

Classification 


Surface  water  supplies: 

Coutamination  of  brook  or  stream  from 

pollution  on  watershed . 

Use  of  polluted  water  from  stream  or  irriga¬ 
tion  ditch,  untreated . 

Use  of  polluted  lake  water,  untreated . 

Contamination  of  spring  or  infiltration 

gallery  bj"  pollution  on  watershed . 

Contamination  of  spring  or  infiltration 
gallery  by  flood  waters . 


Underground  water  supplies: 

Surface  pollution  of  shallow  wells . 

Faulty  well  casing  or  construction . 

Follution  of  well  from  adjacent  river  or  lake 
Follution  of  well  from  adjacent  sewer  or  sew¬ 
age  tank . . 

Ihiderground  pollution  of  well  or  spring  in 

creviced  limestone  or  fissure  rock . 

Underground  pollution  of  well  or  spiing, 

source  unknown . 

Underground  pollution  of  well  by  surface 

contamination .  _ 

Overflow  of  sewer  or  flood  water  into  top  of 

well  casing . 


Reservoir  or  cistern  storage: 

Seepage  from  sewer  or  surface  into  cracked 

cistern  or  reservoir . 

Reservoir  polluted  by  flood  waters 

Water  purification: 


treatment . .  * 

Inadetiuate  chlorination,  only  treatmen  .  .  ^ 


Distribution  system: 

Pollution  of  water  mains  during  cons 

or  repair . . 

Leaking  water  main  and  sewer  i 

trench  / _ . 

(Voss  connection  or  back-si|)honage 
Breaks  in  mains  permitting  sev 
pollutcd  water  to  enter 
Pump  pit  polluted  by  leaking  sewer. 
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TABLE  4 — Continued 


Classification 

Out¬ 

breaks 

Re¬ 

ported 

Cases  of 
Typhoid 
and  Para¬ 
typhoid 

Cases  of 
Dysentery 
and  Diar¬ 
rhea 

Total 

Persons 

Affected 

Collection  or  conduit  system: 

Auxiliary  intake  to  polluted  source . 

6 

74 

2,. 300 

2,374 

Seepage  of  surface  water  into  tank  or  cistern .  . 

14 

1,814 

9,553 

11,367 

Miscellaneous: 

Use  of  polluted  supply  because  of  objection¬ 
able  taste  or  odor  of  public  sup])ly . 

6 

122 

35 

157 

Use  of  polluted  water  not  intended  for 
drinking . 

16 

201 

1,037 

1,238 

Cause  of  outbreak  undetermined . 

44 

331 

4,179 

4,510 

Insufficient  information  for  classification.  .  .  . 

37 

506 

7,775 

8,281 

Total . 

725 

14,595 

216,048 

230,643 

*  Basic  information  compiled  from: 

“The  Significance  of  Water  Borne  Typhoid  Fever  Outbreaks”,  Wolman  & 
Gorman,  Williams  &  Wilkins  Co.,  Balto.,  1931. 

Supplement,  Amer.  J.  Pub.  Health,  28:  No.  2,  Feb.  1938. 

Pub.  Wks.,  78:  No.  11,  p.  24,  (1947). 


TABLE  5 

Outbreaks  of  Water-Borne  Diseases  in  Relation  to  Population  Groups,  1920-1945* 


Population 


1,000  and  under 
1,000  to  5,000 
5,000  to  10,000 
10,000  to  25,000 
25,000  to  50,000 
50,000  to  100,000 
100,000  to  500,000 
500,000  to  1,000,000 
Over  1,000,000 


Total , 


Percentage  of  Total 


31.70 

34.00 

13.63 

8.04 

4.16 

2.15 

3.88 

0.86 

1.58 


100.00 


*  Basic  information  comjhled  from: 

‘■The  Sigmficance  of  Water  Borne  Typhoi,!  Fever  OutI.reaks”  Wol„„n  & 
Gorman,  Williams  &  Wilkins  Co.,  Balto  1931  ’ 

Supplement,  Amer.  J.  Pub.  Health,  28:  No  2  Feb'  19^S 

Puh.  Wke,.  78;  No.  11,  p.  24  (lOl?;.  ’ 

CLASSIFICATION  OF  NATURAL  WATERS 

rainhIl'Tn 'fL"f prcfipitatioi,  collectively  known  as 
.aniLtll,  in  the  form  ol  ram,  snow,  hail  or  .sleet.  The  final  clisfrihntion  "f 
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TAIHJ-:  6 


The  Larger  Water-borne  Outbreaks  in  the  Cities  of  the  United  States  1920-4.5* 


City 

Period 

Cases 

Deatlis 

Dysentery 
&  Gastro¬ 
enteritis 

Typhoid 

1 

Salem,  Ohio 

Aug.  1920 

7,000 

884 

27 

Santa  Ana, 

Jan.  1924 

10,000 

369 

28  1 

Calif. 

1 

Winona  Lake,  t 

July  1925 

1,000 

j 

Ind.  j 

i 

1 

1 

Detroit,  Mich.  ; 

Feb.  1926 

45,143 

8 

1  1 

Fort  Wayne, 

Mar.  1929 

5,000 

53 

3 

Ind. 

1 

Charleston, 

Nov.  1930 

6,500 

W.  Va. 

Chicago,  Ill. 

June  1933 

1,409 

98 

Fitsburg, 

Mar.  1934 

2,500 

Mass. 

Minneapolis, 

May  1935 

213 

Minn. 

Springfield, 

July  1936 

35,000 

197 

45 

Mo. 

Milwaukee, 

Mar.  1936 

120,000 

Wis. 

Feb.  1938 

29,500 

Rochester, 

Dec.  1940 

35,000 

6 

N.  Y. 

Seymour,  Ind. 

1940 

2,250 

Gadsden,  Ala. 

j  1941 

10,000 

i 

1 

1 

Norton,  Kan. 

Sept.  1942 

2,690 

! 

i 

1 

1 

Cause 


Pollution  by  sewage  entering 
vitrified  collection  line. 

Contaminated  well  from  sewer 
drain. 

Cross  connection  with  raw 
lake  water. 

Inadequate  purification. 

Cross  connection  to  polluted 
supply. 

Pollution  of  river  water  by 
sewage  and  trade  wastes 
during  low  water.  Possibly 
caused  by  chemical  irrita¬ 
tion. 

Amoebic  dysentery.  Cross 
connection  between  sewer 
and  hotel  water  supply 
system.  Leaking  sewer  pipe 
polluted  drinking  water 
cooling  tank. 

Watershed  pollution. 

Insufficient  chlorine  treat¬ 
ment  during  period  of  un¬ 
usual  raw  water  pollution. 

Insufficient  chlorine  treat¬ 
ment. 

Undetermined 

Insufficient  chlorine  treat¬ 
ment. 

Cross  connection  between  pol¬ 
luted  raw  water  fire  supply 
and  distribution  system  due 
to  valve  inadvertently  left 
oi)en. 

Improper  operation  of  filtra¬ 
tion  plant  as  indicated  by 
turbidity  of  effluent. 

Faulty  oi)eration  of  filtration 
plant  in  absence  of  Super¬ 
intendent. 

Cross  connection  to  sewer  sys¬ 
tem  through  hydrant  pits. 
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TABLE  6— Continued 


City 

Period 

Cas( 

Dysentery 
&  Gastro¬ 
enteritis 

5S 

Typhoid 

Deaths 

Cause 

St.  lMar3's,  0. 

1942 

2,000 

Cross  connection  to  polluted 

fire  supjily.  Contamination 

causetl  by  failure  of  check 

valves. 

Harrodsburg, 

1943 

1,166 

106 

Inadequate  chlorination  of 

Ky. 

auxiliar}^  supply. 

Itay  City, 

1944 

1,000 

Contamination  of  well  by 

Tex. 

_ 1 

' 

flood  waters. 

*  Basic  information  obtained  from  J.  Amer.  Water  Wks.  Asso.,  31:  225  (1939).  Ibid., 
40:  509  (1948). 


rainfall  determines  the  quantity  of  surface  or  ground  water  found  in  any 
locality. 


The  average  mean  annual  precipitation  in  the  Ignited  States  as  shown 
by  Weather  Bureau  records  from  1870  to  1949  is  34.33  inches.  It  is  of 
interest  to  note  that  the  1930-31  drought  reduced  the  mean  rainfall  in 
the  United  States  to  a  yearly  average  of  28.81  inches,  the  lowest  on  record. 
As  illustrated  in  Table  7  it  is  apparent  that  rainfall  rates  \'ary  from  year  to 
year  in  every  community.  Statistics  of  this  nature  are  the  basis  for  engineer¬ 
ing  calculations  of  available  water  sources. 


For  all  practical  purposes,  the  sources  of  water  as  used  for  human 

consumption  or  industrial  needs,  can  be  divided  into  two  general  tvpes _ 

surface  supplies  and  ground  water  supplies.  It  is  true  that  there  are  some 
special  situations,  in  addition  to  these  two  categories,  where  rainfall  is 
collected  directly  into  reservoirs,  as  in  the  entire  island  of  Bermuda  where 
extensive  areas  of  land  are  denuded  and  graded  so  that  the  rainfall  striking 
the  coral  surface  can  be  conducted  into  storage  reservoirs.  Many  homes  in 
he  southwestern  part  of  the  United  States  also  use  the  roofs  of  their 

buildings  as  catchment  areas,  draining  the  rainfall  into  cisterns  where  it 
can  be  stored  for  later  use. 


nuRFACE  Water 

Water  found  on  the  surface  of  the  earth  is  known  as  surface  water 
1  ends,  rtieams,  and  lakes  are  examples.  The  soince  of  this  water  may  be 
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TABLE  7 


Inches  Annual  Rainfall  of  the  United  Slates,  1876-1947 


State 

Maximum 

Minimum 

-Mean 

Alabama . 

66.45 

27.83 

62  17 

39.21 

7.83 

35.27 

10.35 

11  97 

53.41 
13.85 
48.45 
25.98 
16  54 

Arizona . 

Arkansas . 

California . 

42  13 

Colorado  . 

22  47 

Florida  . 

72.70 

40.25 

53.21 

Cportria  . 

63.14 

36.84 

50.09 

Idjilio  . 

24.04 

12.40 

18.18 

Illinois  . 

49.39 

26.25 

36.79 

49.68 

29.71 

39.22 

loWtl  . 

44.16 

19.89 

31.79 

40.77 

19.67 

26.95 

58.82 

27.86 

45.19 

75.57 

38.34 

56.51 

A  T  .1  ,1 nnrl  T^pl'iwnro  . 

52.08 

23.29 

41.65 

34.97 

22.62 

30.50 

32.67 

14.77 

25.44 

71.03 

38.31 

53.26 

55.53 

25.86 

40.26 

21.12 

10.24 

15.37 

35.87 

13.54 

22.60 

14.06 

4.87 

8.99 

63.33 

35.28 

45.58 

iNOvV  . . 

28.24 

9.46 

14.49 

ACW  *\lt  . . 

49.74 

32.98 

39.29 

IN  G  W  1  O I  . . 

62.66 

37.32 

49.63 

iNOri-Il  V^llI  . . 

23.23 

8.83 

17.12 

50.37 

26.61 

37.93 

47.73 

18.92 

32.93 

34.70 

19.22 

26.31 

52.67 

28.82 

42.08 

64.19 

60.80 

63.00 

oout  n  . 

25.35 

14.28 

19.10 

oOULll  . . 

59.78 

36.74 

49.66 

45.64 

16.21 

31.07 

19.31 

53.20- 

8.38 

24.99 

13.41 
41 .88 

47.48 

24.67 

34.59 

Wasbingtoji . 

West  Virginia . 

52.15 

41.64 

25.43 

22.45 

42.99 

30.62 

New  I'lngland  States . 

19.42 

53.49 

j  9.81 

33.11 

1 

1 4 . 2iS 
41.85 

wliich  tl.on  serves  as  a  water  source  for  wells  and 
ground  water  will  also  find  its  way  into  the  rivers  so 


springs.  This  undor- 
that  in  general  terms, 
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stream  flow  may  Ap  considered  as  being  deri\"ed  from  siii’laee  lunoff  and 
also  from  ground  water  infiltration.  Kiinoft  flow  is  that  portion  of  the  rain¬ 
fall  which  does  not  percolate  into  the  ground  and  does  not  evapoi-ate  into  the 
atmosphere.  It  comprises  the  major  volume  of  stream  flow  and  is  in  direct 
proportion  to  the  amount  and  intensity  ot  I’aintall.  It  may  be  defined  as 
the  water  discharged  into  a  stream  from  a  given  land  area.  This  area  is 
known  as  the  water  shed.  A  one-inch  depth  of  rainfall  per  acre  would  be 
equal  to  27,154  gallons  or  17.38  million  gallons  per  square  mile,  if  con¬ 
sidered  entirely  as  runoff  water. 

While  there  is  a  direct  relation  between  rainfall  and  stream  flow,  estimates 
of  the  amount  available  in  runoff  could  not  be  liased  upon  that  in  any 
single  year  since  there  is  considerable  variation  in  rainfall  both  in  the 
annual  rate  and  between  the  months  of  any  given  year.  Acciunte  infor¬ 
mation  concerning  the  availability  of  a  liver  for  use  as  a  waiter  supply,  can 
be  obtained  only  on  the  basis  of  stream  flow'  statistics  recorded  over  a  long 
period  of  time. 

Storage  reservoirs  are  frecpiently  constructed  to  assure  an  adequate 
reserve  supply.  Their  capacity,  based  upon  an  estimated  water  demand, 
depends  upon  the  need  for  storing  water  during  periods  of  excess  rainfall 
so  that  the  demand  can  be  met  at  all  times  of  the  year.  Since  construction 
of  new’  or  additional  storage  tacilities  is  costly  and  time  consuming  many 
cities  are  confronted  with  the  hazard  of  inadequate  storage  volume  usually 
attributable  to  the  reluctance  of  communities  to  finance  the  reipiired 
additions. 


( I  ROUND  Water 

0 round  water  may  be  defined  as  the  subsurface  water  retained  by  the 

saturated  soil.  The  upper  limit  of  this  zone  of  saturation  is  called  the 
‘Svater  table”. 

Springs  are  created  when  tile  giound  water  flow  leaches  the  surface 
through  a  rock  fissure  or  an  exposed  stratum  of  poious  eartli.  They  range 
m  size  Irom  about  200  gallons  per  <lay,  as  found  on  the  average  farm  to  a 
daily  flow  of  many  million  gallons.  There  are  (io  springs  in  the  f’nited 
States  that  have  an  average  yield  of  about  60  million  gallons  per  day 
eac*  capable  of  supplying  a  large  city.  -  Silver  Spring,  Floriila,  is  the  most 
per  dly  “  ™=‘^™um  iliseharge  of  531  million  gallons 

Spring  fed  streams  are  often  the  head  waters  of  large  rivers  and  ponds 
Lakes  create!  from  these  sources  are  common.  Natural  lakes  may  therefoie 
be  considered  as  an  ailmixture  of  ground  and  surface  waters 

A  w’ell  may  be  defined  as  a  shaft  sunk  into  the  around  to  l  •  i 
water  stratum.  Shallow  wells  are  usually  less  than  U)0  fclt  hr  dep,,r:md 
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penetrate  the  top  levels  of  the  earth.  Deep  drilled  wells  extend  to  ^reat 
depths.  vShallow  wells  are  driven,  bored,  or  dug.  Bored  or  driven  wells  are 
only  a  few  inches  in  diameter  while  dug  wells  are  3  to  6  feet  across.  Shallow 
wells  are  suitable  for  a  private  domestic  supply.  Public  water  systems 
generally  utilize  deep  well  sources  having  a  more  or  less  known  and  constant 
volume  of  flow. 

RURAL  SUPPLIES 


Private,  domestic  supplies  are  obtained,  generally,  from  springs  or  wells. 
In  certain  areas  of  the  country  it  is  not  uncommon  to  find  people  drawing 
water  directly  from  lakes  or  streams.  This  is  particularly  true  in  isolated 
locations.  The  chances  of  obtaining  a  safe  surface  water  supply  are  so 
remote  that  only  spring  and  well  supplies  will  be  discussed.  If  surface 
supplies  must  be  used,  the  water  should  be  disinfected  before  use  by 
heating,  chlorination,  or  some  equally  effective  method. 


Distances  to  Sources  of  Contamin.\tion 

d'he  Joint  Committee  on  Rural  Sanitation, composed  of  representatives 
of  various  federal  agencies  and  the  Conference  of  State  Sanitary  Engineers, 
makes  the  following  statement,  in  part,  about  the  distances  to  sources  of 
contamination  that  normally  can  be  considered  sate: 

“Because  the  determination  of  a  safe  distance  between  a  groundwater 
source  and  a  source  of  contamination  is  dependent  on  many  factors  it  is 
impracticable  to  establish  arbitrary  distances  which  will  be  adequate 
under  all  conditions.  Each  installation  should  be  inspected  by  a  person 
with  sufficient  training  and  experience  to  evaluate  all  of  the  factors 
invoh'ed  These  distances  were  determined  after  due  consideration 
of  the  available  information  and  are  as  follows:  pit  privies,  septic  tanks, 
sewers,  and  subsurface  pits,  50  feet;  seepage  pits,  subsurface  sexv age 
disposal  fields  and  barnyards,  100  feet;  and  cesspools,  1  oO  feet  n 
addition  to  the  above  minimum  distances,  where  the  area  adjacent  to  t 
water  source  is  accessible  to  livestock,  the  site  should  be  enclosed  by  a 
ieme  located,  i..  all  directions,  not  less  than  100  feet  Irom  the  water 

not  fav (liable  c.  i-  +i  +  uo  ho-dth  department  concerned 

meable  soil.  Requirements  of  the  state  health  clepaiti 

should  be  ascertained  and  observed.” 

Springs 
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chai’actei’istics  of  the  ground.  If  the  water  has  originated  as  groundwater 
at  some  point  distant  from  the  site  of  the  spring,  a  spring  supply  can  be 
safe  provided  it  is  developed  in  such  a  way  that  surface  pollution  is  kept 
out  of  it.  Springs  in  lime-stone  areas  should  never  be  considered  safe. 
Likewise,  in  localities  where  shattered  rock  of  any  sort  characterizes  the 
subsurface  geology,  springs  and  wells  should  not  be  considered  free  from 
pollution.  In  either  case,  there  is  a  strong  possibility  that  the  water  will 
reach  the  spring  or  well  without  the  protection  afforded  by  the  filtration  of 
water  through  sand  and  the  storage  that  results  in  the  slow  movement  of 
the  water  through  the  soil. 

Before  any  spring  is  considered  as  a  source  of  drinking  water,  the  ground 
in  the  vicinity  should  be  examined  to  locate  any  possible  source  of  pollution 
from  an  improperly  placed  septic  tank  absorption  line,  privy,  or  similar 
sources  of  human  waste  matter.  Particular  attention  should  be  given  to 
ground  at  an  elevation  higher  than  the  spring,  which  might  drain  into  it 
during  rainfall. 


If  the  survey  of  the  adjacent  area  does  not  indicate  any  source  of  pollu¬ 
tion,  the  spring  can  then  be  developed  as  a  source  of  water.  An  impervious 
masonry  structure  should  enclose  it  in  such  a  way  that  surface  water  cannot 
enter.  Obviously,  the  bottom  of  the  structure  should  be  left  open  for  the 
admittance  of  the  spring  water.  The  ground  around  the  spring  should  be 
graded  so  that  surface  drainage  is  away  from  the  spring.  If  there  is  any 
possibility  that  unusually  heavy  runoff  might  enter  the  spring,  diversion 
ditches  should  be  dug  in  location  that  will  lead  the  runoff  away.  The  only 
reason  for  access  to  the  spring  is  for  occasional  inspection;  a  door  should 
be  provided  but  it  should  be  a  tight  fit  and  should  be  kept  locked. 

Water  should  be  led  from  the  spring  through  a  pipe.  It  should  never  be 
dipped  out.  Gravity  can  be  used  to  carry  water  to  the  house  if  the  spring  is 
located  higher  than  the  house.  Othenvise.  a  power  pump,  either  electric 
or  gasoline,  must  be  used.  Figure  25. 

1  here  are  several  danger  signs  that  indicate  an  unsafe  supply  in  either  a 
spring  or  well.  If  color  or  turbidity  is  noticeable  shortly  after  a  rainstorm  it 
indicates  that  water  is  gaming  access  to  the  spring  in  a  short  time,  possibly 
thiough  a  fissure  m  the  surrounding  rock  or  through  drainage  around  the 
IT  I'ouse.  If  the  water  level  i„  the  spring  fluctuates  frec^.ently  to  ^ 
gieat  extent  this  is  a  further  indication  that  the  water  is  probably  of  locid 

oiigin  and  more  likely  to  carry  pollution  than  would  be  the  case  iHt  passed 
through  great  distances  in  the  earth.  '  “ 


VV  HILLS 


Wells  are  generally  divided  into  three  distinct  groups-  diur  drloen  i 
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may  he  only  a  few  feet  deep  or  they  may  extend  down  30  or  40  feet.  Driven 
wells  are  formed  by  driving  to  the  desired  depth  a  pipe  eipiipped  with  a 
driving  point  for  piercing  the  earth  and  a  metal  screen  to  admit  water  to 
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Such  wells  may  he  several  hundred  feet  deep  and  are  usually  about  4  inches 
in  diameter.  The  drilled  well  is  the  safest  type;  the  driven  next  in  order  of 
safety. 

Dug  Wells 

Dug  wells  require  a  minimum  of  equipment  to  construct  or  operate. 
In  rural  areas  of  poor  economic  conditions,  they  are  found  frequently. 
4'he  safety  of  any  well  water  supply  is  dependent  upon  the  prevention  of 
pollution  from  entering  the  well.  The  water  in  the  well  may  be  polluted 
either  by  material  washed  in  from  the  surface  of  the  ground  or  else  by 


,Wcap 
/  Hola 


^  J  "’’"mm 


Flan0a . 

Pump  To  Pnaumatic 

Presoura  System 


■■■•  Brick, Stona  or  Concrete. 

If  either  of  former  is  used, 
loy  in  mortor  to  water  bearing  stratum  •'  2'-> 

of  Health) ^I^D’land  Department 

filtration  through  depths  of  earth  too  shallow  to  permit  removal  of  harmful 
organisms  It  is  evident  that  a  dug  well  should  be  located  in  such  a  place 
that  It  uill  not  be  subject  to  flooding  or  to  pollution  from  sewer  lines  or  other 
sub-surtace  sources  of  contamination. 

Ideally  the  lining  .should  be  impervious,  either  stone  laid  in  mortar  or 
e  se  sections  of  tile  or  cement  pipe;  it  should  extend  from  the  water  healing 
s  ra  urn  up  to  and  at  least  0  inches  above  the  surface  of  the  earth  If  thest 
t  eal  conditions  cannot  he  obtained,  the  least  that  should  be  considered  is 
an  impel  vious  lining  that  extends  from  at  least  10  feet  below  the  surface  to 
0  inches  above  the  surface  of  the  ground.  The  top  of  the  well  should  be 
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Some  means  of  pumping  water  out  must  be  provided.  A  drop  or  any 
other  kind  of  bucket  should  not  be  used.  The  drop  pipe  through  which  the 
water  is  pumped  from  the  well  should  be  sealed  into  and  carried  up  above 
the  cover  of  the  well  so  that  the  pump  can  be  connected  in  such  a  manner 
that  there  will  be  no  danger  of  water  draining  down  into  the  well  around  the 
pump  connection.  Inspection  should  be  provided  for  through  a  properly 
constructed  manhole.  The  rim  of  the  manhole  should  extend  above  the  top 
of  the  well  cover  and  the  manhole  cover  should  extend  beyond  the  rim  and 
be  provided  with  a  lip  that  overlaps  it. 

The  pitcher  type  of  pump  should  not  be  used,  and  any  other  type  that 
needs  priming  is  equally  hazardous  and  should  be  eliminated.  The  act  of 
priming  can  readily  be  the  means  of  introducing  pollution  into  the  well. 

Likewise,  pump  pits  that  are  constructed  within  the  walls  of  the  well 
should  not  be  encouraged.  There  is  always  a  certain  amount  of  oil,  dirt 
and  waste  water  in  such  pits.  It  is  much  better  to  house  power  pumps  above 
the  surface  of  the  ground.  If  it  is  necessary  to  construct  a  well  pit  in  the 
well  proper,  the  pit  should  be  made  water-tight  except  for  a  drain  to  conduct 
leakage,  oil,  etc.,  out  of  the  pit  to  a  location  that  will  not  endanger  the  well 
supply.  Electric,  all  weather,  pumps  that  do  not  require  a  well  pit  are  now 
available,  thus  eliminating  one  of  the  principal  reasons  for  the  well  pit. 
The  weep  hole  of  the  drop  pipe,  through  which  water  drains  to  empty  the 
pump,  should  be  located  below  the  impervious  cover  and  in  such  a  position 
that  water  will  drain  back  directly  into  the  well. 


Driven  Wells 

The  construction  of  these  wells  requires  equipment  that  usually  makes  it 
necessary  to  employ  the  services  of  a  contractor.  The  best  guarantee  of  a 
safe  well  is  a  contractor  who  is  well  trained  and  who  has  shown  by  his 
record  that  his  work  is  good. 

The  physical  requirements  of  the  site  for  a  driven  well  are  the  same  as 
those  for  a  dug  well.  A  metal  casing,  known  as  a  drive  pipe,  serves  as  the 
conduit  through  which  water  is  drawn  from  the  subsurface  water-bearing 
strata  to  the  pump.  Before  the  driving  starts  a  well  point  is  attached  to  the 
end  of  the  pipe  that  is  to  enter  the  ground.  T  his  well  point  consists  of  a 
pointed,  heavy  end  that  pierces  the  ground,  .\hove  it  is  a  section  of  pei- 
forated  non-corrodihle  tubing  known  as  tlie  strainer.  B  ater  passes  t  iioiig  i 

+Vip  strainer  into  the  drop  pipe. 

As  with  the  dug  wells,  the  cover  of  the  well  should  be  of  an  impervious 
material  such  as  concrete.  The  drop  pipe  usually  passes  through  a  sleeve 
in  the  cover  so  that  the  pump,  if  of  the  hand  type  can  he  «  ^c  wd 
sleeve  should  be  cemented  into  the  cover  anil  extend  at  least  -  niche,  a 
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it.  If  a  hand  pump  is  used,  it  should  be  secured  firmly  to  the  cover  and 
connected  to  the  sleeve  so  that  water  cannot  splash  back  into  the  well. 


"ater-tight 

a»«ure  t.gl.t  connections  to  the  water  rlistribulion  s^ste.^  *° 
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Drilled  Wells 

Drilled  wells  are  the  most  satisfactory  type  of  domestic  water  supply 
where  it  is  not  possible  to  connect  to  a  municipal  supply.  The  depth  to 
which  drilled  wells  extend  usually  assures  good  degree  of  security  against 
pollution.  Most  drilled  wells  pass  through  an  impervious  layer,  such  as 
rock  or  heavy  clay,  which  presents  another  barrier  to  any  surface  water 
that  might  reach  the  casing.  In  general,  these  supplies  are  more  dependable 
as  to  quantity  of  water  and  are  less  affected  by  long  droughts. 


Fig.  28.  A  typical  domestic  drilled  well  and  pressure  system.  (Courtesy,  Clarence 
W.  Klassen,  Illinois  Department  of  Public  Health.) 

\  sDcci-il  well-drilling  rig  and  experience  are  necessary  for  the  construc- 
A  spetral  wen  n  g  g  employment  of  a  good 

n-dril^Hs  the  best  gnarantee  of  a  safe  snpply.  The  casing  that  formy  he 

or  i;eX:ngVwhicl^  t;,:  water  wm  actnally  be  conveyed,  is  then 

extended  down  to  the  desired  depth.  „.,,.face  of  the  ground  is  necessary. 

A  water-tight  connection  at  he  «  ‘f' ,nless  a  water- 
Siibmerged  well  pumps  are  usually  i  s  ^  ^  ,,y 

bearing  stratum  under  pressure  is  stiiick,  so  that 
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hydrostatic  pressiii'C  above  the  surface  of  the  ground  or  at  least  part  way  up 
to  the  surface.  (This  is  the  true  artesian  well.)  A  storage  tank,  with  the 
water  maintained  under  pressure,  is  generally  part  of  the  distribution 
system.  The  entire  distribution  system,  from  the  well,  to  the  storage  tank 
and  to  the  house,  barn,  or  other  buildings,  should  be  water  tight. 

Disinfection  of  Wells  and  Springs 

The  water  supply  to  a  private  home  is  seldom  chlorinated,  although  there 
are  convenient  chlorinators  for  this.  However,  the  well  should  be  carefully 
disinfected  upon  completion  of  construction  and  before  the  water  is  used 
for  drinking  purposes. 


Dug  If  ells  and  Springs 

As  soon  as  construction  has  been  completed,  remove  all  tools,  forms, 
platforms  and  anything  that  will  not  form  a  permanent  part  of  the  well. 
Wash  the  interior  walls  or  casing  with  a  strong  solution  of  chlorine,  at 
least  100  ppm,  using  a  stiff  brush  to  scour  out  loose  dirt.  Pump  the  water 
from  the  well  until  it  is  clear  and  then  remove  the  temporary  pumping 
equipment  used  for  this  purpose. 

The  next  step  consists  of  placing  the  cover  in  its  final  position  and  sealing 
It  m  place  if  that  is  to  be  done.  Next,  having  determined  the  amount  of 
water  th^  will  accumulate  in  the  well,  pour  into  it  through  the  sleeve  in  the 
cmmr  sufficient  chlorine  to  give  a  residual  of  approximately  50  ppm.  The 
c  orme  must  be  distributed  throughout  the  water  in  the  well.  This  can  be 
one  3y  pumping  the  solution  through  a  rubber  tubing  or  pipe  line  that 
can  be  moved  about  in  the  water  m  the  well  while  the  solutfon  rbeh^ 
a  ded  to  the  vater.  W  hen  the  required  amount  of  solution  has  been  added^ 

previously  cleaned,  are  lowered  into  the 
11  attached  to  the  s  eeve  in  the  cover,  and  bolted  to  the  cover.  Sufficient 

water  ffi  unchlorinated 

detected  in  the  water  dis^r^dTo^tlm  pump 

ment  ffir  equip- 

ously  until  there  is  no  odor  of  chlorine  ft  i=j  •  T 

through  which  the  discharccd  w  +  •  i  provide  a  conduit 

in  order  to  minimize  the  nossibilir  r  conducted  away  from  the  well 

Upon  completioro  ■  e  wer  r  TT 

laboratory  examination.  If  results  are  not  i  t"  f  T"'’  ““'emitted  for 

be  re-examinetl  for  possible  iomel  if  nT, m  """ 

chlorination  procedure  should  be  repeated  af te  fi ' 

lepeated  after  first  removing  the  pump. 
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Drilled  Wells 


In  these  wells  there  is  no  way  to  observe  the  quantity  of  water  that 
flows  into  the  lower  portions  of  the  well  and  so  the  capacity  is  determined 
by  actually  measuring  the  pump  output.  If  the  process  of  measuring 
flow  does  not  produce  a  clear  water,  pumping  should  be  continued  until  all 
traces  of  turbidity  disappear.  When  the  test  pump  is  removed  the  chlorine 
solution,  sufficient  to  give  a  residual  of  about  50  ppm,  should  be  poured  into 
the  casing.  Thorough  distribution  of  the  solution  is  important.  It  is  good 
practice  to  introduce  the  solution  through  a  rubber  tube  or  a  pipe  so  that 
the  hose  or  pipe  can  be  slowly  raised  and  lowered  as  the  chlorine  is  poured 
into  the  water  in  the  well. 

The  pump  cylinder  and  drop  pipe,  previously  cleaned  and  rinsed  in 
chlorine  solution,  are  then  lowered  into  the  well  and  the  top  connections 
made.  Water  should  be  discharged  until  a  strong  odor  of  chlorine  is  noticed. 
This  should  be  repeated  several  times  at  hourly  intervals  to  be  sure  the 
chlorine  solution  has  reached  all  parts  of  the  system.  The  solution  should 
then  be  allowed  to  stand  for  at  least  24  hours  after  which  the  well  should  be 
pumped  until  the  odor  of  chlorine  disappears  from  the  water.  As  with  the 
dug  well,  a  sample  of  water  can  then  be  taken  for  bacteriological  examin¬ 
ation. 


Liquid  Capacity  of  Wells  or  Spring  Structures  and  the  Amount  of  Chlorinated  Lime 
{26%  available  chlorine)  Required  to  Provide  a  Dosage  of  Approximately 

50  ppm  of  Available  Chlorine 


Capacity  of  well  or 
spring 
(in  gallons) 

50 
100 
200 
300 
400 
500 
1000 
2000 
3000 


Chlorinated  lime 
required* 
Lbs.  Oz. 


1, 


.5 
3.0 
6.0 
9.0 
12.0 
15.0 
14.0 
12.0 
10.0 


Approximate  volume  of  water,  in 
gallons,  to  be  used  in  preparing 
chlorine  solution 

5 

5 

5 

5 

5 

5 

10 

15 

20 


.  It  high-test  calcium  hypochlorite,  approximately  70%  available  chlorine,  use 
aliout  one-third  of  the  <|uautity  shown  for  chlorinated  lime. 

Laboratory  Analyses 

All  too  often  .samples  of  water  are  sent  to  the  laboratory  for  examination 

without  any  consi<leration  l.in^^^^^ 

llrrChy  ot  t,.  water  at  the  time  the  sample  was  taken  or 
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verify  the  results  of  a  physical  examination.  A  laboratory  test  may  produce 
a  false  sense  of  security.  On  the  other  hand  a  bad  laboratory  test  may  lead 
to  the  abandonment  of  a  well  that  could  be  made  safe  with  a  minimum  of 
work.  The  most  important  aspect  in  determining  the  safety  of  a  well  supply 
is  the  investigation  of  the  physical  features  of  the  well — geology,  nearby 
sources  of  pollution,  construction  of  the  well,  type  and  installation  of  the 
pump,  grading  around  the  well.  Unless  all  of  these  characteristics  are 
satisfactory,  laboratory  samples  are  of  little  use.  Once  these  physical 
characteristics  have  been  found  acceptable,  then  laboratory  tests  can  be 
used  routinely  to  check  the  continuing  quality  of  the  water. 

WATER  CONSUMPTION 

The  quantity  of  water  required  per  capita  in  the  various  cities  and  towns 
varies  enormously.  This  is  due  to  diverse  industrial  activities  and,  to  a 

TABLE  8 


Domestic  Consumption  of  Water* 


Gallons  per  capita  per  day 

Apartment  House .  . 

62 

54 

34 

15 

First  Class  Dwelling 

Middle  Class  Dwelling 

Lowest  Class  Dwelling 

Average . 

41 

Data  taken  from  “Water  Supply  and  Purification”,  W.  A.  Hardenbergh.  Inter¬ 
national  Textbook  Co.,  Scranton,  Pa.,  1947.  ^ 

lesser  the  vyater  consuming  habits  of  domestic  users.  In  the  larger 

les  o  e  mted  States  consumption  ranges  from  90  to  300  gallons  per 
capita  per  day  while  in  the  smaller  communities,  with  less  industrial 

eoTntr^^  ^945  ^^2?  “n 

uniry  in  ij4o  A\as  127  gallons  per  capita  28 

ThisTmutr^zScrFr;:!^^^^^^  ‘t 

demand  and  usually  determine  the  capacitv  ^""^eed  domestic 

residential  areas.  Y  t  le  distribution  system  in 

In  rural  areas,  allowances  must  be  made  for  animals  and  fowl  f 
life  requirements  are:  ‘liiimais  ana  lo^\l.  huch  farm 

35  gallons  per  cow  per  day 
12  gallons  per  horse  per  day 
4  gallons  per  hog  per  day 
2  gallons  per  sheep  per  day 
1  gallon  per  25  chickens  per  day 
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PUBLIC  WATER  SUPPLIES 

Many  storage  reservoirs  were  liiiilt  in  ancient  times.  Lake  iMaeris  in 
Egypt,  retaining  waters  of  the  Nile  river,  is  thought  to  have  been  built 
about  2,000  B.  C.  The  early  civilizations  of  Babylon  and  Assyria  were 
largely  dependent  upon  irrigation  systems  using  stored  flood  waters  of 
the  Tigris  and  Euphrates  rivers.  The  ancient  cities  also  obtained  water  by 
storing  rainfall  in  pools  or  cisterns  or  by  bringing  it  long  distances  through 
conduits.  IVIention  is  made  in  II  Kings,  20th  Chapter,  of  the  pool  and 
conduit  King  Hezekiah  built  in  the  8th  Century  B.  C.  for  Jerusalem. 
Some  of  these  old  well  developments  are  used  today.  Joseph’s  well  at 
Cairo,  Egypt,  and  Jacob’s  well  at  Sychar,  Palestine,  are  the  best  known. 

The  water  supply  of  Rome  was  extensive  and  complete.  The  initial 
aqueduct  was  built  in  312  B.  C.  and  was  11  Roman  miles  long.  By  300 
A.  1).  there  were  9  aqueducts  delivering  77  million  gallons  per  day.  The  clear 
sparkling  water  of  the  Marcia  aqueduct  was  especially  used  for  drinking. 

Upon  entering  the  city  the  water  was  discharged  into  large  cisterns  and 
distributed  through  lead  or  wooden  pipes  to  smaller  tanks  for  use.  Ihe 
small  public  cisterns  were  the  principal  sources  of  drinking  water.  The 
famed  baths  were  directly  supplied  from  the  central  reservoirs  By  33/ 

4  D  there  were  11  large  hot  water  baths,  925  cold  water  baths,  U12 
public  fountains  and  247  reservoirs  in  the  city."  After  the  fa  1  Ro™ 
these  elaborate  water  carriage  systems  were  abandoned  and  later  fell 
to  pieces,  as  was  also  true  of  similar  systems  m  the  provinces 

In  1183  an  aqueduct  with  a  flow  amounting  to  about  1  quart  pei  peison 
per  day  was  constructed  to  supply  water  to  Pans.  Conduits  and  lead  pipe 
systems  were  built  in  1235  to  bring  spring  water  to  the  people  of  Lon  . 
The  first  pumps  for  water  supply  were  installed  m  Hanover  Gei-many 
1I27  In  1582  pumps  were  placed  on  the  Tower  Bridge  over  the  Phames  0 
1  water  to  London  The  first  steam  driven  pumps  weie  installed 
supp  y  watei  ‘  ^  considered  as  the  beginning  of  modern 

London  ”  "‘  Lhs  pumping  station  in  the  United  States 

C;  Ipt^io^nln^'C  1"^  at  Belhleh’^m,  Pa.,  using  a  water  wheel  for 

power.  »  Pnislcv  Scotland  was  filtered.  Ihe 

c,r  %::: 

the  first  sand  “lallation  was  so  successful  that  by 

h,iri852  fiHrltion  of  afl  river  water  supplied  to  London  was  made  com- 
pulsory  by  Parliament.  •  j  ^  progressed  to  the  extent  that  by 
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nizing  the  value  of  these  slow  sand  filters,  the  Water  Commission  of  St. 
Louis,  Mo.,  in  1865  sent  James  P.  Kirkwood  to  Europe  to  study  their 
operation.  His  report,  published  in  1869,  was  descriptive  of  these  plants 
and  endorsed  their  efficiency  for  the  purification  of  comparatively  clear 
waters  but  proved  them  uneconomical  for  muddy  water  without  prior 
sedimentation.  In  1872  Kirkwood  built  the  first  successful  slow  sand 
filter  plant  in  this  country  at  Poughkeepsie,  N.  Y. 

The  Massachusetts  State  Board  of  Health  established  the  Lawrence 
E.xperimental  Station  in  1887  to  study  and  devise  methods  for  the  purifi¬ 
cation  of  sewage  and  industrial  wastes. Considerable  study  was  also 
undertaken  with  slow  sand  filters  for  water  purification.  As  a  result  of  these 
studies,  Lawrence,  Mass.,  constructed  a  slow  sand  filter  plant  in  1889;  it  is 
considered  to  have  been  ‘The  first  filter  plant  built  in  America  for  the 
express  purpose  of  reducing  the  death  rate  of  the  population  and  it  ac¬ 
complished  this  purpose  in  a  most  striking  manner.” This  demonstration 
of  the  practical  epidemiological  value  of  these  filters  led  to  their  adoption 
by  New  England  and  Atlantic  seaboard  cities. 

Chemical  coagulation  with  alum  followed  by  filtration  through  sand 
filters  with  backwashing  of  these  units  under  water  pressure  and  using 
mechanical  rakes  to  agitate  the  sand  was  patented  in  1884  This  process 
became  known  as  mechanical  filtration.  The  first  mechanical  plant  for  a 

public  water  supply,  constructed  under  this  patent,  was  built  at  Somer¬ 
ville,  N.  J.,  in  1885. 


The  underlying  facts  governing  rapid  sand  filtration  were  developed  bv 

1*87,  utilizing 

etmbid  Ohio  River  water.  Under  the  direction  of  George  W.  Fuller  this 
mvesf.gat.on  demonstrated  that  mechanical  filtration  couhl  be  operated 
fficiently  and  adapted  to  muddy  waters.  In  this  treatment  alum  .2ZZ 
o  the  water  as  a  sedimentation  aid.  The  alum  solution  formed  a  particular 

col  T  the  water  carrying  mu'rof 

colloidal  and  suspended  matter  with  it 

investigated  •  This  study  incliirl  111  basins  were  not 

upwarlflow  o  w  de  imder  te  of  filters  by  the  rapid 

foiled  rate  of  filtitafTon 

and  beds  30  inches  in  depth  w'itli  r  T'™'  '  ‘“'oeter  tor  the  top  size 
water,  gooil  purification  wins ’secured 'at 'rntmli  ‘'‘®®"'ated  and  settled 

!Ztr  «r;ii::: 
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procedures  established  in  the  Louisville  experiments.  From  that  modest 
beginning  and  in  the  period  of  but  50  years  this  type  of  purification  has 
become  world  wide.  The  magnitude  of  the  growth  of  water  purihcation 
plants  is  illustrated  in  Table  9  compiled  from  a  recent  survey  by  the 
United  States  Public  Health  Service. It  will  be  noted  that  about  38.0 
percent  of  the  population  of  this  country  is  supplied  with  treated  water. 

The  modern  hltration  plant  produces  a  water  that  is  free  from  pathogenic 
bacteria,  turbidity,  odor  or  color.  In  many  instances  the  water  treatment 
removes  hardness  and  retards  corrosion  of  pipe  lines. 


TABLE  9 

Water  Treatment  Plants  in  the  United  States 


Classification 

Number 
of  Plants 

Population 

Served 

Per  Cent  of 
the  Total  Pop¬ 
ulation  of  the 
United  States* 

1535 

22,921,600 

17.4 

Ivapicl  sand  purincaiiuii . 

98 

3,579,200 

2.7 

blow  sand  punncaLiuii . 

456 

1,892,000 

1.4 

Iron  and  manganese  reiuuvdi . 

396 

1,725,400 

1.3 

bulvt/iiin^ . 

2529 

19,432,700 

14.8 

Chlorination  only . . 

138 

511,000 

0.4 

Treatment  witnout  cniorinanuii . 

. - 

Total  treated  supplies . 

3152 

50,061,900 

38.0 

*  S.  R.  Weibel,  Public  Health  Reports,  57:  1679  (1942). 


Selection  of  Water  Supplies 

After  the  estimated  future  water  requirement  of  a  community  has  been 

.e^^e^  -  — rr::  dm  ts: 

S^dt/ J  th:p7:nt 

50  years  in  the  future,  the  specific  mteival  depending  i 

ing  programs.  supply,  the  engineers  planning  the 

In  the  selection  of  a  pi  stream  flow,  and  other  physical 

development,  after  a  stuc  ^  ®  tween  utilization  of  a  source  of  adequate 
factors,  frequently  must  clmose  ^mn  utd  ^ 

sanitary  purity  "ne  havm,  a  ^ 

illustrated  in  the  ^s  of  secondary  importance  since 

proper  to  considei  the  pu  y  vender  most  waters  safe  for  use. 

modern  purification  J  this  basis,  instances  appear  where 

Although  generally  established  p  supplies  have  per- 

cities  possessing  the  a<  van  „,.oi,n(l  water  sources.  This  is  pii- 

sisted  in  the  development  of  existing  gioiimi 
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marily  due  to  the  fact  that  public  sentiment  has  become  fixed  upon  the 
existing  source  and  refuses  to  permit  a  change.  Thus  sentiment  and  custom 
may  have  a  bearing  upon  the  future  development  of  water  supplies,  some¬ 
times  to  the  detriment  of  the  community. 

Bacterial  contamination  of  water  sources  results  from  the  direct  addition 
of  sewage  or  sewage  plant  effluent,  defective  sewer  drains,  and  overflowing 
privies  and  cesspools.  Street  washings  resulting  from  storms  add  to  the 
bacterial  load.  Industrial  wastes,  although  they  too  may  add  bacterial 
contamination,  are  usually  more  important  because  of  the  obnoxious  odors 
and  colors  imparted  to  the  water  and  to  the  adverse  effect  they  may  have  on 
normal  water  purification  procedures. 

An  epidemic  resulting  from  the  pollution,  of  a  water  supply  with  cholera, 
dysentery,  or  typhoid  fever  bacteria  is  the  hazard  to  be  considered.  The 
general  sanitary  characteristics  of  the  water  shed,  whether  it  be  a  surface 
or  ground  water  source,  must  be  evaluated.  The  possibility  of  human 
pollution  reaching  the  community  will  determine  the  need  for  a  complete 
purification  plant.  Individual  phases  of  purification,  such  as  storage  in 
large  reservoirs  followed  by  chlorination,  are  considered  adequate  in  some 
localities.  Limited  treatment  of  this  sort  may  be  adequate  if  the  quality  of 
the  water,  initially,  is  good  and  chance  of  pollution  slight.  Whenever  there 
is  any  question  of  safety,  complete  purification  is  necessary.  Such  treat¬ 
ment  is  particularly  desirable  if  tastes,  odors,  or  colors  are  present. 


Use  of  Ground  Water 

It  IS  estimated  that  19  percent  of  the  population  and  46  percent  of  the 
cities  in  the  United  States  are  dependent  upon  ground  water  sources. 
Cities  with  populations  below  25,000  generally  use  well  waters. 

Ground  waters  are  usually  cool,  colorless,  and  free  from  turbidity  except 
when  iron  or  manganese  salts  are  present.  They  are  constant  in  composition 
and  are  often  hard,  containing  excessive  amounts  of  calcium  and  mag¬ 
nesium  Jlydrogen  sulhde  may  be  present  and  carbon  dioxide  is  commonly 
found.  Hydrogen  sulfide  is  usually  the  result  of  anaerobic  bacterial  action 
W  threlrtr^^’  sulfates,  chlorides,  and  nitrates  are  dissolved  in  the  water 

magnesium  carbonates  in  the  soil 
the  dissolved  carbon  dioxide  is  responsible  for  the  hardness  of  a  water’ 

be  exneeted  '"‘T  ’!5  “‘‘"ganese  salts.  As  would 

expected,  the  average  hardness  of  ground  water  is  greater  than  that  of 

surface  waters,  namely  191  ppm.  compared  to  85  ppm 

selected  "after”  ’  T ‘hat  has  been 
after  consideration  has  been  given  to  local  conditions  and  data 
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obtained  from  comparable  rock  and  soil  characteristics.  The  wells  are 
spaced  from  400  to  1,000  feet  apart  and  vary  from  8  to  24  inches  in  dia¬ 
meter. 

Deep  drilled  wells  are  commonly  used.  They  are  normally  cased  with 
iron  or  steel  pipe  from  the  ground  surface  to  the  water  level.  The  space 
between  the  casing  and  the  drill  hole  down  to  an  impervious  stratum  is 
filled  with  concrete  grout  to  form  a  tight  seal  between  the  casing  and  the 
surrounding  earth  thus  preventing  surface  water  from  entering  the  ground 
water  stratum.  Water  is  admitted  to  the  well  through  a  brass  strainer  at 
the  bottom  of  the  pipe. 

Electrically  operated,  centrifugal,  turbine  pumps  are  usually  used  to 
raise  the  water.  Pump  houses  containing  the  pumps  are  frequently  built, 
similar  in  construction  to  those  for  domestic  supplies  with  concrete  floors 
and  substructure  and  a  brick  super-structure.  They  serve  also  to  house 
chlorination  units,  electric  transformers  and  meters  for  recording  flow. 
Several  wells  may  be  discharged  into  a  common  header  or  collecting  pipe. 
Chlorination  is  commonly  applied  and  water  flow  data  is  secured  at  the 


liGtidor. 

Well  water  supplies  are  relatively  safer  from  pollution  than  springs 
or  surface  streams.  This  depends  to  a  very  large  degree  upon  their  loca¬ 
tion  and  construction.  Sanitation  of  ground  water  public  supplies  has 
been  given  considerable  study  and  a  manual  has  been  compiled  showing 
development  Characteristics.''  Pollution  of  a  deep  well  will  occur  through 
seepage  of  surface  water  into  the  top,  leakage  through  the  sides  of  t  le 
casing  or  from  contamination  of  the  underground  stream.  The  latter 
hazard  is  particularly  great  in  limestone  areas  where  underground  chambeis 
or  fissures  may  permit  water  to  flow  in  tree-moving  streams  without  any 

Tsimt wells  for  public  supplies  should  be  constructed 
to  afford  protection  from  surface  drainage  and  flood  water  runoff  from 
storms  They  should  be  located  at  a  safe  distance  from  sewage  installa- 
oT  Casings  must  extend  above  ground  level  with  a  watertight  conne  - 

r  in^the  Up  1~,  do™  — 

isuuVsid  at 

constructed  in  -"‘““"Urtve  that  rgM  read  ke  pump  house, 
placed  above  any  flood  watei  leve  breakdown,  or  to 

There  must  be  at  least  one  reserve  pump  m  case 

permit  shutting  down  j  dangerous  hazard  to  a  ground 

S'  if™  • 


Fig.  29 


A  la.Ke  .Lined  well  f„,  munieipal  supply.  (Courtsey,  I.ay„e-.4tla„tie 
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unsafe.  To  assure  the  proper  construction  of  wells,  specifications  have 
been  devised  by  the  sanitary  engineering  bureaus  of  the  state  depart¬ 
ments  of  health,  which  if  followed,  will  eliminate  pollutional  risks. 

Ground  water  public  supplies  should  be  continuously  disinfected  although 
many  cities  fail  to  do  so.  The  potential  hazard  of  pollution  is  always 
present.  Casing  or  pipe  lines  may  leak  in  contaminated  soils,  while  in¬ 
dustrial  or  domestic  pollution  of  the  source  is  a  constant  menace.  The 
average  safety  of  a  ground  water  supply  does  not  justify  its  use  without 
disinfection  safeguards  and  in  frequent  instances  complete  purification 
may  be  necessary. 

Iron  and  manganese  removal,  softening  and  corrective  treatment  for 
corrosion  control  are  the  principal  purification  operations  for  ground  water 
supplies. 


Use  of  Surface  Supplies 

The  average  river  or  stream  must  be  considered  polluted.  This  is  par¬ 
ticularly  true  of  the  larger  rivers.  For  example,  the  Ohio  River  receives 
sewage  from  Pittsburgh,  Pa.,  at  its  source,  and  from  bordering  cities  over 
its  entire  length  to  Cairo,  Ill.,  where  it  joins  the  Mississippi  River.  The 
cities  along  the  river  purity  this  polluted  water,  use  it  tor  drinking  purposes 
and  in  turn  discharge  their  wastes  into  the  stream  thereby  creating  a 
greater  hazard  for  the  cities  below.  As  a  result  of  this  practice,  ‘he  0  lo 
River  is  in  danger  of  becoming  grossly  contaminated  to  the  point  of  being 

unsuitable  as  a  source  for  public  water  supply. 

Apart  from  these  grossly  polluted  larger  rivers,  even  small  cr^ks  am 
brooks  generally  free  of  pollution  must  be  considered  unsafe.  San't®  ^ 
water  boards  in  the  various  states  have  allocated  streams  for  watei  supply, 
Thers  for  certain  types  of  industrial  waste  disposal  and  in  others  perm 
hlavy  con  amlnation  However,  purification  should  be  practiced  for  al 
LrfaceTaters.  Clear  water  is  not  a  criterion  of  safe  water  whether  it  be 
frnm  underground  or  surface  sources. 

^  ^ed  y  vpouired  by  most  cities  can  only  be  assured  by 

::!;!:!rtion  Of'slilul/e  reservoirs  or  by  the  flow  from  reasonably  large 
rivers  or  lakes  as  illustrated  m  Table  10. 

reservoir  storage 

The  formation  of  impounding  -ervoirs  liy  d—^ 
and  providing  long  stoiage  suspended  material  is  pre- 

fa^dy  ci?a;  water.  Oxidation  of  unstable  organic  matter 
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and  a  reduction  in  pathogenic  bacteria  occur.  Chlorination  of  the  water 
upon  withdrawal  is  practiced  as  a  safeguard  against  disease  outbreaks. 

TABLE  10 

Source  of  Water  for  the  25  Largest  Cities  in  the  United  States  {1940  Census)* 


City 

Population 

New  York,  N.  Y. 

7,454,995 

Chicago,  Ill. 

3,396,808 

Philadelphia,  Pa. 

1,931,334 

Detroit,  Mich. 

1,623,452 

Los  Angeles,  Calif. 

1,504,277 

Cleveland,  Ohio 

878,336 

Baltimore,  Md. 

859,100 

St.  Louis,  Mo. 

816,048 

Boston,  Mass. 

770,816 

Pittsburgh,  Pa. 

671,659 

Washington,  D.  C. 

663,091 

San  Francisco,  Calif. 

634,536 

Milwaukee,  Wis. 

587,472 

Buffalo,  N.  Y. 

575,901 

New  Orleans,  La. 

494,537 

Minneapolis,  Minn. 

492,370 

Cincinnati,  Ohio 

455,610 

Newark,  N.  J. 

429,750 

Kansas  City,  Mo. 

399,178 

Indianapolis,  Ind. 

386,972 

Houston,  Tex. 

384,514 

Seattle,  Wash. 

368,302 

Rochester,  N.  Y. 

324,975 

Denver,  Col. 

322,412 

Louisville,  Ky. 

319,077 

*  1950  Census  not  available. 


Source 

Catskill  system,  impounded  surface 
water;  Croton  supply,  impounded  sur¬ 
face  water;  ground  water,  wells,  10%; 
Delaware  River  system,  impounded, 
under  construction. 

Lake  Michigan. 

Delaware  River  55%;  Schuylkill  River 
45%. 

Detroit  River. 

Owens  River  80%;  Los  Angeles  River 

20%.  _ 

Lake  Erie. 

Gunpowder  River,  impounded;  Patapsco 
River,  impounded,  under  construction 

Mississippi  River  60%;  Missouri  River 
40%. 

Nashua  River,  impounded;  Ware  and 
Swift  Rivers,  impounded  as  supple¬ 
mentary. 

Allegheny  River. 

Potomac  River. 

Tuolumne  River,  impounded  and  Spring 
Valley  supply. 

Lake  Michigan. 

Lake  Erie. 

Mississippi  River. 

Mississippi  River. 

Ohio  River. 

Pequannock  River,  impounded. 

Missouri  River. 

White  River,  impounded  80%;  ground 
water,  wells,  20% 

Ground  water,  wells. 

Cedar  River  and  Cedar  Lakes. 

Hemlock  and  Canadice  Lakes 

South  Platte  River,  impounded. 

Ohio  River. 


I  he  two  most  outstanding  e.xamnles  of  tblvj  -c 

United  States  are  at  Bo.ston,  Mass.,  and  New  York,  N.  y!” 

IS  pioceduie  requiies  large  reserve  reservoir  capacity.  In  the  Catskill 


134 


THE  PRACTICE  OF  SANITATION 


system  for  New  York,  the  Schoharie  Reservoir  has  a  capacity  of  20  billion 
gallons,  Ashokan  Reservoir  130  billion  and  Kensico  Reservoir  30  billion 
while  the  Croton  system  of  twelve  reservoirs  and  six  lakes  holds  103  billion 
gallons.  In  addition  to  these  reserves  three  new  reservoirs  are  under  con¬ 
struction  to  divert  water  from  the  tributaries  of  the  Delaware  River. 
Boston  has  recently  completed  the  (^uabbin  Reservoir  which  has  a  capacity 
of  415  billion  gallons,  extending  its  system  by  use  of  water  from  the  Ware 


and  Swift  Rivers. 

Yhe  responsibility  for  the  sanitation  of  watersheds  is  vested  in  the 
various  state  departments  of  health.  The  use  of  impounding  reservoii-s 
and  natural  lakes  for  water  supply  creates  sanitation  problems  on  the 
watersheds.  Under  the  doctrine  of  riparian  rights,  possession  of  the  land 


adjacent  to  the  reservoir  gives  absolute  control  over  it,  making  possible 
enforcement  of  sanitary  regulations  by  the  watei  authoi  ity.  Xhi  oughout 
the  headwaters  of  the  watershed,  where  private  ownership  of  land  usually 
exists,  inspection  of  the  area,  in  collaboration  with  the  health  authorities 
will  do  much  to  reduce  pollution.  The  average  inhabitant  will  provide 
sanitary  privies  and  dispose  of  barnyard  wastes  satisfactorily  when  his 
confidence  has  been  gained  by  an  inspector.  Resort  to  drastic  legal  action 
should  be  infrequent.  Prompt  examination  of  premises  where  typhoid 
fever  has  developed  with  instruction  in  the  disposal  of  excreta  and  other 
wastes  will  greatly  lessen  dangers  of  epidemics  from  this  source.  Some 
water  authorities  have  found  it  advantageous  to  install  and  service  ade- 
nuate  waste  disposal  facilities  for  private  land  owners.  An  efficient  water¬ 
shed  inspection  service  is  one  of  the  best  sanitary  safeguards  for  an  im- 

’’Xforesta'tion  of  the  areas  adjacent  to  a  reservoir  will  prevent  erosion 
of  the  soil  and  materially  reduce  the  turbidity  of  the  water.  Ihe  use  of 
conifers  is  desirable  as  the  leaves  of  deckluoiis  trees  blow  into  the  watei 
anil  ilecay,  causing  esthetic  and  bacterial  impairment  to  the  supply. 


Recre.\tion.xl  Use  of  Reservoirs 
The  recreational  use  of  reservoirs  has  become  a 

„  ,h.  'T' . . 

public  water  supply  prior  to  use. 
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In  general,  health  and  water  department  officials  in  the  eastern  part 
of  the  United  States  are  opposed  to  extensive  recreational  use  of  reservoirs 
and  the  land  adjacent  to  them.  Similar  officials  in  the  western  states 
where  extensive  use  is  encouraged,  do  not  concur  in  this  point  of  view. 

Daily  tests  of  water  collected  from  several  areas  in  a  reservoir  have 
failed  to  show  that  recreational  use  of  reservoirs  increased  the  bacterial 
concentration  in  the  water.  The  total  count  and  coliform  density  were 
not  changed.  It  is  apparent  therefore  that  with  very  large  reservoirs  and 
with  complete  treatment  of  the  water  before  use,  a  sanitary  basis  does  not 
exist  for  the  exclusion  of  controlled  fishing  or  boating,  or  even  picnicking 
and  bathing. 

Where  recreational  activities  are  permitted  on  a  watershed,  health 
authorities  agree  that  their  control  should  be  under  the  direction  of  the 
water  department  and  not  delegated  to  another  agency.  The  courts  have 
recognized  the  necessity  of  protecting  a  watershed  in  the  interest  of  public 
health  even  though  such  necessity  restricts  individual  property  rights. 
The  laws  of  various  states  vary  as  to  detail,  but  fundamentally  hold 
that  the  owner  of  a  water  supply  benefits  from  it  and  must  protect  the 
source.  It  is  evident  therefore  that  the  water  department  should  actively 
control  its  watershed. 


Where  filtration  is  not  part  of  purification,  and  storage  with  resultant 
sedimentation,  followed  by  chlorination,  is  the  only  safeguard,  restrictions 
must  be  exercised.  A  water  supply  protected  by  an  efficient  filtration 
plant  has  adequate  sanitary  safeguards  against  the  normal  contamination 
that  may  occur,  but  treatment  consisting  of  storage  and  chlorination  does 
not  have  flexible  safety  factors. 


It  should  be  noted  that  there  is  a  decided  trend  toward  use  of  reservoirs 
and  surrounding  drainage  areas  for  recreational  purposes.  This  has  been 
based  largely  upon  the  public  relations  value.  It  may  be  expedient,  practical 
and  politic  to  permit  fishing  and  boating  under  controlled  conditions  rather 
than  to  continue  to  prohibit  such  use  when  actual  hazards  cannot  be 
shown  to  exist.  This  decision  must  be  based  on  the  circumstances  of  each 
c^e.  If  the  reservoir  is  near  a  large  center  of  population  and  there  is  no 
other  laige  body  of  water  nearby,  there  is  a  much  stronger  case  for  the 

kmeTT*  “"t  '  sparsely  settled  area  with 

laige  lakes  or  streams  not  m  the  watersheds. 


ALGAE 


Growths  of  algae,  diatoms,  Crustacea  and  other  micro-organisms  will 
he  found  ,n  all  reservoirs  at  temperatures  above  50°  F  Tn  AT 

Ws  both  Plant  and  ^«™adorUtf 
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are  most  prolific  in  warm  weather  and  diminish  in  the  colder  seasons,  but 
the  diatoms  live  at  low  temperatures. 

Concentrations  of  algae  at  reservoir  surfaces  utilize  the  dissolved  carbon 
dioxide,  changing  the  bicarbonate  balance  in  the  water  and  raising  the 
pH  value  to  8.5  or  9.0.  An  increase  in  the  dissolved  oxygen  will  also  be 
noted  since  this  element  is  released  by  plant  life. 

All  forms  of  plankton  grow  readily  in  water  above  68°  F.,  with  a  life 
cycle  period  of  about  two  weeks.  It  is  apparent  therefore  that  a  steadily 
increasing  quantity  of  decomposing  organic  matter  from  these  micro¬ 


organisms  and  vegetation  will  accumulate  in  a  reservoir  during  warm 
weather.  This  decomposition  is  usually  the  underlying  cause  of  seasonal 
taste,  due  to  the  liberation  of  minute  traces  of  obnoxious  volatile  oils. 
Depending  somewdiat  upon  the  species,  from  500  to  1,000  units  per  cc. 
will  produce  taste  in  drinking  water.  This  does  not  mean  that  the  counts 
found  at  the  water  plant  may  be  taken  as  the  index  of  trouble.  If  the 
water  is  obtained  from  reservoirs,  large  lakes,  or  rivers,  the  number  of 
micro-organisms  at  some  point  upstream,  corresponding  to  a  flow  of 
about  2  weeks,  is  of  great  significance  in  estimating  possible  taste  problems. 
A  high  concentration  of  organisms  in  this  locality  will  produce  decomposi¬ 
tion  products  with  subsequent  taste  when  the  water  reaches  the  plant 
intake.  Sampling  stations  located  at  various  points  in  the  reservoir  are 

required  for  good  algae  control.  i  •  i 

Copper  sulfate  in  low  concentrations  is  extensively  used  as  an  algaecide. 

Dosage  varying  from  0.1  to  5.0  ppm.  is  effective.  It  may  be  applied  by 
spraying  tlie  water  surface  with  mechanical  equipment  or  by  drapmg  a 
pervious  bag  through  the  water  by  boat.-  Fish  life  may  be  un'e^ 

reasonable  care  is  exercised.  A  dose  of  0.14  ppm.  will  kill  trout  but  black 
bass  can  tolerate  2.0  ppm.,  with  limits  for  other  common  uno 

these  limits.  Use  of  copper  sulfate  in  these  minute  doses  has  no  eftea  upon 
«ie  human  system.  It  has  been  established  that  5  ppm.  will  give  a  disagiee- 
aMe  taTe  but  that  20  ppm.  per  day  is  not  dangerous  to  health.  Rec 
investigations  indicate  that  the  usual  coagulant  (such  as  alum)  abso 
ihis  compound;  therefore  it  will  not  be  present  in  the  water  ‘ W'^ered  by 
purification  plant  and  is  only  a  problem  when  unfiltered  watei  is  . 

WATER  PURIFICATION  AND  TREATMENT 

Water  may  be 

L^rfTtCniror^rnisms.  Further 

or  colors  has  distinct  esthetic  und  mdiiect  pu^^^^^^  ,oore  palatable 

ihan  t:  ItwinTtuSi;”  :^;ing  an  objectionable  taste  or  odor. 
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The  secondary  type  of  treatment  in  such  cases  would  be  aimed  at  the 
maintenance  of  a  uniform  level  of  taste  or  odor.  To  these  two  types  of 
treatment  can  be  added  a  third,  that  of  corrective  treatment  for  the 
elimination  of  corrosiveness  or  objectionable  hardness.  This  last  type 
usually  has  only  economic  significance. 


PRIMARY  TREATMENT  —  SULPHATE  Of  ALUMINA 


Fig.  30.  Conventional  flow  diagram  for  water  purification 
Present  day  methods  of  purification  have  been  develonod  thm^ni  +i 
fundamental  princip^  Cjy  " 


Storage  in  natural  lakes  or  impounding  reservoirs  to  oht-UM  r  a  x- 
Coagulation  l)y  chemical  tre'itnipiit  +i  *  ^sedimentation. 

.Sedimentation  „f  the  colaula  nl  H  ,  °  ‘'"'’''''‘a  “I"''- 

colloidal  matter  on  the  filter  beds.  ^  the  quantity  of  suspended  and 
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Filtration  through  sand  and  gravel  beds  to  remove  turbidity  and  many  micro¬ 
organisms. 

Disinfection  by  chemical  or  i)hysical  agents  to  eliminate  pathogenic  bacteria. 
Removal  of  taste  or  odors  by  aeration,  chemical  treatment,  or  physical  adsorption 
to  make  the  water  more  attractive. 

Hardness  reduction  by  chemical  precipitation  or  base  exchange  phenomenon  for 
esthetic  and  economic  reasons. 

Removal  of  dissolved  minerals  by  surface  adsorption  (contact  beds)  generally  for 
esthetic  reasons. 

Corrective  treatment  with  alkali  to  reduce  pipe  corrosion  for  economic  reasons. 


The  type  and  degree  of  purification  is  governed  by  the  characteristics  of 
the  raw  water  and  by  economic  factors.  The  value  to  a  community  of 
adequate  purification  far  surpasses  the  installation  and  operating  cost. 
Whatever  degree  of  treatment  is  adopted,  a  safe  supply  must  be  the 
minimum  accepted. 

Plain  Sedimentation 

AMien  used  for  a  water  supply  without  impounding  reservoirs,  large 
rivers  such  as  the  ^Mississippi,  Ohio,  Red,  ^Missouri,  and  Colorado  require 
artificial  sedimentation  to  remove  the  great  amount  of  silt  held  in  suspen¬ 
sion.  Turbidities  in  these  major  rivers  average  2,500  ppm.  with  maxima 
above  60,000  ppm.  Sedimentation  in  large  basins  for  about  12  hours  will 
reduce  these  high  turbidities  below  1,000  ppm.  These  basins  are  occa¬ 
sionally  built  with  special  hopper  bottoms  to  permit  the  continuous  flush¬ 
ing  of  the  settled  sludge  to  the  sewer.  Mechanical  clarifiers,  consisting  of 
slowly  moving  scrapers,  are  frequently  used  to  scrape  the  mud  into  a 
center  sump  or  into  side  gutters  from  which  it  is  removed  hy  flushing  oi 
pumping.  These  basins  would  be  impractical  without  some  system  o 
continuous  sludge  removal  since  tlie  rapid  accumulation  " 

fill  them  in  a  few  days.  Boulder  City,  Col.,  Kansas  Ci  y,  ^  ‘ 

Louis,  Mo.  are  the  best  known  plants  using  this  pre-treatment. 

Filtration 

Filtration  of  water  may  be  deHned  as  the  removal  of  suspended  material 

also  ’employed.  Filters  may  be  fitos‘‘are  adtpUbfe  Z 

may  be  connected  into  a  pressure  system.  1  lessiiio  nnti 

.small  mpsl  an<l  slow  san.l  units.  The  rapid 

Gra\ity  iilters  a  o-nllnns  per  souare  foot  per 

r;,‘  rrS*  X."U  “■»  sX' .1 

wm  successfully  clarify  0.06  gallons  per  square  loot  poi  minute  01 
3  to  6  million  gallons  per  acre  per  day. 
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Slow  Sand  Filters 


The  slow  sand  or  “English”  filter  will  satisfactorily  clarify  waters  of 
low  turbidity  without  the  aid  of  chemical  coagulants.  It  is  not  adaptable 


to  muddy  water  and  prior  sedimentation  in  very  large  reservoirs  is  re¬ 
quired  for  efficient  operation.  These  filters  are  not  practicable  if  the  raw 
water  carries  more  than  30  ppm.  of  turbidity.  In  situations  of  low  turbidity 
where  prior  treatment  is  unnecessary,  highly  skilled  operators  are  not 
required  and  the  filters  are  therefore  economical  to  operate.  Large  land 
areas  must  be  available. 

Raw  or  settled  water  is  passed  directly  to  these  filters,  each  about  0.5 
acre  in  area.  The  sand  beds  are  from  24  to  48  inches  in  depth,  overtopping 
a  graded  gravel  bed  from  12  to  24  inches  deep,  which  is  supported  by  a 
brick  or  tile  underdrain  system.  The  top  sand  is  between  0.20  and  0.30 
mm.  in  diameter  and  a  constant  flow  is  maintained  through  the  beds  by 
aid  of  mechanical  devices  or  manual  manipulation  of  the  effluent  valves. 

Good  bacteria  and  turbidity  removal  are  obtained  with  these  filters 
after  a  colloidal  slime,  known  as  schmutzdecke,  has  accumulated  on  the 
sand  grains.  This  coating  entraps  all  suspended  material,  clarifying  the 
water  by  biological  and  mechanical  action.  Using  gravity  flow,  the  top 
portions  of  the  beds  become  clogged  first  and  are  cleaned  by  scraping  from 
1  to  2  inches  of  sand  from  the  surface.  This  sand  is  mechanically  washed 
and  restored  to  the  bed.  Sand  washing  machines  have  been  developed  that 
rake  and  wash  the  sand  surface  without  removal  from  the  beds,  sa\'ing 
considerable  time  and  labor.  ’ 

The  filtered  water  is  usually  disinfected  with  chlorine.  There  is  little 
or  no  biological  activity,  and  bacterial  removal  is  poor  with  cold  water  of 
about  40°  F.  temperature. 


The  disadvantage  of  this  type  of  plant  is  in  its  inability  to  purify  miiddv 
™ter.  and  the  limited  use  of  each  bed  between  cleanings.  Tlie  development 
tie  rapid  sand  filter  has  more  satisfactorily  met  modern  demands  for 
effective  operation  witli  all  types  of  water.  The  chief  adi-antages  of  the 
slow  .sand  filter  are  its  economy  and  simplicity  of  operation 

Pli  rliT'  places.  Washington  I)  C 

1  h  ladelphia.  Pa.,  Pittsburgh,  Pa.,  Hartford,  Conn.,  Poughkeepsie  X  v’ 

ant  .awrence,  Jlass.  are  the  most  important  in  the  United  States.' 


ixapui  ,'^and  Filtration 

Ihe  greater  volumes  of  water  iiasseil  through  the  rapid  sand  unit  m 
comparison  with  the  slow  sand  unit  is  made  possible  bv  tl  o  rT 
sized  sand  grains,  0.40  to  0.50  mm.  diameter,  in  the  bedi  mid  hv  cl  “'T' 
tion  of  the  very  fine  suspended  particles  in  the  water  witi,  cb 
pounds.  This  coagulated  material  immediately  ‘coats 
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highly  absorbent,  gelatinous  hydrous  oxide  floe,  forming  an  artificial 
schmutzdecke  that  makes  possible  rapid  clarification.  The  effective  cleaning 
of  these  beds  by  a  high  velocity  backwash,  requiring  only  a  few  minutes, 
gives  a  more  or  less  continuous  use  of  these  units  at  high  efficiency. 


Coagulation 

Coalescence  of  the  finely  divided  colloidal  turbidity  or  color  particles 
into  a  gelatinous  mass,  called  floe,  by  certain  chemicals  is  known  as  coagula¬ 
tion.  Alum,  sodium  aluminate,  ferrous  sulfate  with  lime,  chlorinated  cop¬ 
peras,  ferric  chloride  and  ferric  sulfate  are  good  coagulants.  Alum  is  the 
one  used  most  extensively.  Colloidal  silicate  and  certain  clays  such  as 
bentonite  are  being  increasingly  utilized  as  “coagulation  aids.” 


Fig.  31.  Typical  “around  the  end”  mixing  basin 
Mixing 

Since  floe  formation  results  from  the  conglomeration  of  colloidal  particles, 
mixing  of  these  particles  throughout  the  water  is  necessary.  Impropeily 
formed  floe  is  occasionally  found  because  of  faulty  mixing  hasm  (les.gm 
The  efficient  mixing  basin  provides  a  high  velocity,  and  rapid  mixing 
the  coagulant  through  the  water  with  baffles  or  agitators  arranged  to 
provide  gradually  decreasing  speeds  throughout  the  remaining  P™ 
of  tL  basin.  A  Lrtain  length  of  time  and  a  definite  minimum  velocity 
in  mixing  must  be  observed  to  produce  compact  floe  pai  tides 

This  particle  coalescence  is  in  accordance  wit  t  e  ,  |g 

namely  that  crystal  growth  is  oS  partid 

by  agitation  which  is  indiieed  ,  .^^ffled  basins  arc  the 

mo!:t;.r  id-fs  type  m 
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which  the  water  flows  in  a  series  of  narrow  deep  channels  with  180  turns 
at  each  end,  or  the  *hip  and  down”  installation  in  which  the  water  is  made 
to  travel  from  the  bottom  to  the  top  of  the  basin  in  regular  sequence  by  a 
succession  of  baffles.  The“around-the-end”  type  of  baffled  basin  is  generally 
found  in  the  larger  plants,  with  rates  of  25  million  gallons  or  more  per  day, 
and  the  “up  and  down”  baffles  in  the  smaller. 

In  addition  to  baffled  basins  the  “hydraulic  jump”,  compressed  air  and 
spiral  baffled  tangential  basins  are  used.  Frequently,  raw  water  pumps 
serve  as  the  mixing  device.  Special  high  speed  “flash  mixers”  are  on  the 
market.  Combined  mixing-settling  basins,  utilizing  the  principle  of  an 
upward  flow  of  coagulated  water  through  the  settled  sludge,  known  as 
sludge  blanket  devices,  are  recent  developments.^-  The  “Flocculator”  when 
installed  in  the  inlet  side  of  the  sedimentation  basin  may  be  considered  as 
an  auxiliary  mixing  device.  It  is  also  used  following  flash  mixing  to  produce 
floe  conglomeration  and  when  so  utilized,  replaces  the  conventional  mixing 
basin. 


Floe 


Properly  coagulated  floe  is  a  compact  material  as  shown  by  the  micro¬ 
scopic  drawings  in  Figure  32.  In  section  B  the  fine  particles  have  coalesced 
forming  a  definite  flocculation  with  an  even  distribution  of  suspended 
silt  throughout  the  mass.  This  material  is  concentrated  into  the  floe 
particles,  giving  toughness  and  density,  to  secure  good  sedimentation 
and  filtration.  Insufficiently  coagulated  particles  will  not  readily  settle 
and  will  pass  through  the  filter  beds.  The  physical  properties  of  floe  are 
dependent  upon  the  conditions  of  mixing,  while  the  chemical  characteristics 
are  a  function  of  the  hydrogen  ion  concentration  (pH  value)  at  which  the 
reaction  occurs. 

Floe  is  the  impure  hydrous  oxide  of  the  metallic  s.alt  used  as  the  coagu- 
lant.  Ihe  normal  reactions  occurring  in  coagulation  are: 


-r  .3V.12  +  yL;a(HC()3)2 


Fe2(S()4)3  +  2FeCl3  +  ( 


IMost  natural  waters  ai 
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calcium  and  magnesium.  Trade  wastes  or  acid  mine  water  may  neutralize 
this  alkalinity.  Since  the  coagulating  reactions  are  essentially  the  forma¬ 
tion  of  metallic  hydrated  o.xides,  there  are  definite  concentrations  of 
alkalinity  that  must  be  obtained  for  optimum  floe  formation.  These  con- 


A  B 


C 


Fio.  32.  Microscopic  (iniwing  of  Hoc 

ditiems  are  dilTercnt  for  each  coasulant  used.  Increased  alkalinity  is  ob- 
tained  by  the  addition  of  lime  or  soda  ash. 


Control  of  Hydrogen  Ton  Concentration 
Cl  .  1  tlio  \v‘itpr  an  acid-alkaline  balance 

measured  by  the  hydrogen  ion  concentiation  (p  b 
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It  is  assumed  that  a  discussion  of  the  principles  underlying  hydrogen 
ion  concentration  or  pH  value  is  unnecessary  in  this  text.  Since  pure 
water  is  neutral  and  the  dissolved  salts  and  gases  give  it  acidity  or  alkali¬ 
nity  with  or  without  buffer  action,  it  is  apparent  that  pH  value  is  not  a 
measure  of  the  total  alkalinity  or  acidity  of  a  water,  but  of  the  intensity 
of  its  acidic  or  alkaline  properties.  Waters  containing  the  largest  amount 
of  dissolved  material  usually  have  the  greatest  buffer  action.  They  there¬ 
fore  will  combine  with  a  larger  quantity  of  acid  or  alkali  before  changing 
in  pH  value.  Their  alkalinity  or  acidity  is  determined  in  the  usual  manner 
by  methyl  orange  and  phenolpthalein  titrations. 

Maximum  precipitation  of  alum  floe  in  plant  operation  varies  from  a 
pH  value  of  6.0  to  7.2  in  accordance  with  the  buffer  action  of  the  dis¬ 
solved  salts  in  different  waters.  Soft  waters  coagulate  at  the  lower  values 
while  hard,  alkaline  waters  flocculate  best  above  neutrality. 

Iron  floe  coagulated  from  ferrous  sulfate  by  the  addition  of  lime  reaches 
maximum  precipitation  at  pH  9.4.  Good  turbidity  removal  is  obtained 
between  pH  values  of  8.8  to  9.2  which  is  a  practical  operating  range.  A 
compact  floe  is  obtained  at  any  pH  value  above  3.5  with  ferric  salts. 


Coagulation  ^‘Aids” 

Silica  precipitated  from  sodium  silicate  solutions  is  being  introduced 
as  a  coagulation  aid”  under  specific  conditions.  When  of  economic  ad¬ 
vantage,  a  tough,  compact,  readily  settling  floe  is  produced  that  will  give 
increased  filter  runs. 


Coagulation  Control 

The  amount  of  coagulant  required  to  form  floe  varies  with  the  turbidity 
organic  material,  color  colloids  and  buffer  action  of  the  dissolved  minerals 
in  the  water.  The  dosage  to  be  used  in  the  plant  is  determined  by  stirring 
a  test  sample  in  the  laboratory  with  mechanical  devices,  using  varyine 
amounts  of  chemical  (jar  test).  Figure  33.  The  lowest  concentration  form- 

TaWeTr"^  satisfactory  in  the  plant. 

The  coagulating  chemicals  are  usually  applied  in  a  solution  through  a 
graduated  or.fice  from  storage  tanks  or  by  proportionating  pumps.  Figure 

fhe  t  "Tt  '  the  powdered  material  directly  to 

the  «ater  through  mechanical  “dry  feeders”.  Figure  35.  Accurate  control 

mj  easily  be  maintained  by  either  method  with  a  minimum  of  operating 


Sedimentation  as  a  function  of  61tpv  T^ior.+ 
mean  the  deposition  of  hoe, 
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designed  for  this  purpose.  The  rectangular  basin  with  a  horizontal  flow 
of  water  may  be  considered  as  conventional  but  upward  flow  basins  in 


Fig.  33.  Laboratory  flocculating  device.  (Courtesy,  Omega  Machine  Co.) 

T.VBLE  11 

‘ Jar  Test”  to  Determine  Optimum  pH  value  and  Minimum  Dose  of  Coagulant  to 

Be  Used 


Raw  Water 


Turbidity 


pH 


ppm. 

12 


18 


6.8 


4.0 


G.P.G.  Alum 

G.P.G.  Lime* 

pH  after  Mbcing 

0.2 

6.7 

0.3 

6.7 

0.4 

6.6 

0.5 

6.6 

0.7 

6.4 

1.0 

6.2 

0.4 

1.0 

4.5 

0.4 

2.0 

4.9 

0.4 

3.0 

5.8 

0.4 

3.5 

6.0 

0.4 

3.7 

6.4 

0.4 

4.0 

6.8 

Coagulation 

Characteristics 


None 

Fair 

Good 

Good 

Heavy  floe 
Heavy  floe 

None 

None 

Fair 

Fair 

Good 

Good 


*  Caustic  or  soda  ash  may  be  suusiiiuteu. 

**  Below  optimum  pH  value  as  shown  by  previous  test.  n  4  v  n  e 

Note  Amount  of  nfum  as  given  l,y  the  test  at  the  opt, mum  pll  value  ,s  0.4  g.p.g. 

Optimum  pll  value  si, own  to  ho  at  6.6.  indicates  that  3.7  g.p.g.  lime 

„.iir:;r:e 

present. 
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which  the  clarified  water  passes  upwards  through  a  blanket  of  suspended 
sludge  have  been  developed. 


Fig.  34.  Chemical  solution  feeder.  (Courtesy,  Pro])ortioneers,  Inc.) 


Fio.  35.  15, y  cl.omical  tyy.lcs,  Dallas,  Tax.  (Oourlosy,  Day-Ka  Macl,i„e  C„.) 

tha  'fl  a'-e  <li«iKiie<l  upon  tl.o  premise  of  maintainin 

the  flow  tl, rough  tliem  at  a  velocity  too  low  to  retain  the  coagulate 
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particles  in  suspension.  This  flow  should  not  be  greater  than  1  foot  per 
minute.  A  well  designed  basin  will  remove  sand  within  2  hours  and  floc¬ 
culated  material  within  4  hours.  Figure  36.  Sedimentation  basins  may  be 


Fig.  36.  Profile  of  silt  deposited  in  sedimentation  basin.  (Courtesy,  Engineering 
News  Record.) 


Pig.  37.  Manual  cleaning  of  sedimentation  basin,  Baltimore,  Md. 


operated  in  series,  provided  the  floe  is  not  broken  hy  ^ 

when  pa-ssinK  fln-onRh  e,.ntrol  pdes  an,l  eonneot.ng  J  “ 

design,.!  an,l  ther<!ore  improperly  fu.K'fonn.g  ''“'"7'  ‘ 
efficieney  sinee  a  large  amonnt  of  snspend,.,!  -‘f-'  ^ 

them  increasing  the  amount  tiiat  must  lie  removed  in  the  hlte  . 
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The  accumulated  sludge,  unless  removed  by  ejectors  or  mechanical 
methods,  is  periodically  cleaned  from  the  basins  by  manual  laboi  using 
streams  of  water  from  hoses  for  flushing  purposes.  This  is  done  at  least 
twice  yearly  to  decrease  the  effect  of  decomposition  of  organic  matter  in 
the  sludge. 

Sludge  blanket  devices  are  a  combination  of  mixing  basin  and  settling 
tank  designed  to  bring  the  unstable  suspended  precipitates  into  eciuilibiium 
quickly.  They  are  based  upon  the  principle  of  mixing  the  micro-crystals  of 


Fig.  38.  The  Accelator.  (Courtesy,  Infilco,  Inc.) 

pieviously  precipitated  conglomerates  to  create  a  rapid  growth  of  particles 
by  piecipitating  the  supersaturated  colloids  upon  them.  Clarification  is 

accomph^ed  by  the  mechanical  straining  action  of  the  suspended  sludge 
blanket.  Figure  38.  ^ 


Efficiency  of  Filtration 

Ihe  tlieoiy  that  filtration  is  the  piimary  defense  against  disease  is  no 
onger  true.  It  is  now  recognized  that  coagulation  and  sedimentation  are 
he  primary  factors  controlling  the  operation  of  a  purification  plant  and 
hat  hltration  througli  sand  beds  produces  the  clarified  water  desired  by 
tie  public.  Without  prechlorination  it  has  been  observed  that  although 
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the  effluent  is  clear,  organisms  will  multiply  rapidly  in  filter  beds.  With 
the  general  utilization  of  preehlorination  (addition  of  chlorine  in  the  early 
steps  of  water  treatment  as  contrasted  with  the  addition  to  the  final, 
clarified  product)  bacterial  growth  in  filters  has  been  overcome.  Chlorina¬ 
tion  is  no  longer  considered  as  secondary  defense  treatment  but  one  of  the 
lirimary  factors  in  water  iiurification.  This  is  a  reversal  of  the  time  honored 
relationship. 


Fig.  39.  Filter  gallery  No.  2,  South  District  Filtration  Plant,  Chicago,  111.  (Cour¬ 
tesy,  John  R.  Baylis.) 


The  average  gravity  flow,  rapid  sand  filter,  is  designed  to  function  at 
the  rate  of  2  gallons  per  scpiare  foot  per  minute.  A  series  of  units  is  ar¬ 
ranged  in  a  gallery  with  each  unit  capable  of  independent  operation.  Fig¬ 
ure  39.  A  diagrammatic  outline  of  a  filter  unit  is  shown  in  Idpiie  40. 

The  underdrains  of  hollow  tile,  perforated  pipe,  fused  alumina  plates  or 
manifold  bronze  strainer  plates  form  the  bottom  of  the  hlter  unit  A  bed 
of  graded  gravel  varying  in  size  from  i  ineli  diameter  at  the  top 
nt  die  bottom,  is  placed  over  this  system  to  a  depth  of  about  .0  mche^ 
This  is  toppetl  by  a  sand  bed,  appro.ximately  2  teet  thick,  having  he 
smallest  grains  ahout  O.oO  mm.  diameter.  II  coal  (.\nthrahlt)  is  buhslitiitec 

for  sand  similar  sizes  and  depths  are  used.  ,  i  i 

^  The  emigulated  water  is  filtered  by  downward  flow  through  the  beds, 
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Fig.  40.  Isometric  view  of  filter  unit 
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wiUi  deposition  of  the  floe  particles  upon  the  sand  s^iins,  eventually 
hlling  the  voids  between  them.  The  top  few  inches  of  the  sand  bed  serves 
as  the  filtering  medium.  When  fine  sands,  less  than  0.40  mm.  diameter, 
aie  used,  a  compact  mat  forms  at  or  near  the  surface.  With  coarse  sand 
grains,  the  hoc  masses  slowly  penetrate  into  the  bed  for  considerable 
depths,  permitting  long  operating  periods  between  backwashing.  The  rate 
of  flow  through  a  filter  should  always  be  at  uniform  velocity  and  never 
be  suddenly  increased.  Sudden  \’ariations  in  rate  may  seriously  rupture 
the  mat  of  deposited  material  and  cause  floe  to  pass  through  the  bed. 

\^  ater  passing  through  a  sand  bed  encounters  a  certan  amount  of 
resistance  due  to  friction.  This  is  increased  by  the  accumulation  of  de¬ 
posited  material.  After  an  extended  period  of  service  the  pressure  re¬ 
quired  to  force  water  through  the  bed  is  equal  to  that  exerted  by  the 
height  of  water  above  the  bed.  This  frictional  pressure  is  known  as  loss 
of  head  and  increases  directly  with  the  rate  of  flow.  At  normal  rates  of 
flow  when  the  units  are  in  constant  service  the  operating  period  will  vary 
from  20  to  50  hours  between  washings.  Sudden  temperature  changes  may 
entrap  air  in  the  beds  with  a  resulting  increase  in  resistance  to  the  flow 
of  water.  Unusually  heavy  densities  of  micro-organisms  will  clog  the  beds, 
necessitating  more  frequent  washing.  The  loss  of  head  is  the  criterion  upon 
which  the  need  for  washing  is  determined.  However,  when  fully  trained 
operators  are  not  on  duty  at  all  times  it  is  common  practice  to  establish  a 
fixed  time  interval  between  washings. 

Constant  filtration  rates  are  maintained  by  mechanical  controllers  which 
automatically  open  the  effluent  valve  wider  as  the  loss  of  head  increases. 
Uniform  flow  may  also  be  obtained  by  the  insertion  of  a  fixed  orifice  disc 
in  the  effluent  line  or  by  opening  the  effluent  \’alve  to  a  fixed  point. 

Filtered  water  turbidity  should  not  exceed  0.5  ppm.  Various  devices  to 


determine  turbidity  or  to  detect  floe  particles  passing  the  sand  beds  have 
been  designed.  They  are  based  upon  the  well-known  Tyndall  light  lieam, 
used  in  microscopic  and  projection  work.  Another  common  method  of 
turbidity  measurement  consists  of  a  comiiarison  of  the  filtered  water  with 
samples  of  water  to  which  known  quantities  of  Fuller’s  earth  have  been 


added. 


Washing 

When  the  loss  of  head  reaches  some  predetermined  value,  usually  a 
height  of  about  8  feet,  or  if  floe  passes  through  the  bed  before  this  pressure 
is  reached  the  filter  is  backwashed  liy  stopping  the  flow  of  water  downward 
through  the  filter  and  admitting  water  at  high  velocities  to  the  bottom  of 
the  filter  through  the  underdrain  system.  The  rates  vary  bet^Ncen  18  aiK 
30  gallons  per  minute  per  a<,..are  foot  of  filter  area.  The  aand  bed  .a  aua- 


WATER  SUPPLIES 


151 


pended  by  this  high  velocity  wash  water  and  expands  from  30  to  50  per  cent 
of  its  depth.  This  rapid  flow  agitates  the  sand  grains  producing  a  scouring 
action  that  removes  incrusted  material  which  is  carried  oft  in  the  diain 
troughs.  Sand  is  not  lost  as  the  spacing  and  height  of  the  troughs  and  rate 
of  backwash  permit  only  the  lighter  mud  particles  to  flow  into  them.  With 
the  release  of  backwash  pressure  the  normal  sand  bed  grading  is  reestab¬ 
lished  with  the  coarsest  grains  settling  out  first  and  the  finest  particles  last 
on  the  top.  Although  the  wash  water  enters  the  filter  bed  through  the 
numerous  openings  in  the  underdrain  system,  even  distribution  is  produced 
by  the  fine  gravel  underlying  the  sand.  Therefore  proper  grading  of  the 
gravel  bed  during  construction  is  of  extreme  importance  to  filter  washing. 
jNIany  troubles  arise  from  the  improper  depth  and  size  of  the  fine  gravel 
layer. 

Poorly  washed  beds  will  leave  dirty  sand  grains  that  stick  together 
forming  impervious  masses  or  ‘‘mud  balls”  about  the  size  of  acorns.  These 
masses  are  of  sufficient  density  to  drop  to  the  top  of  the  gravel  layer 
through  the  expanded  bed  during  the  washing  period.  They  gradually 
accumulate  in  this  region  and  build  large  localized  mounds  and  ridgas 
which  considerably  reduce  the  efficiency  of  the  filter.  When  present  they 
must  be  removed  by  manual  labor  with  an  increase  in  maintenance  costs. 

Auxiliary  mechanical  surface  washing  devices  which  thoroughly  scour 
the  top  portion  of  the  filter  bed  have  been  developed.  This  scouring  effect 
breaks  up  mud  balls.  This  action  may  be  obtained  by  jets  of  water  at 
high  pressure  or  by  streams  of  air  directed  into  the  top  few  inches  of  the 
sand  bed.  Water  if  used  is  usually  supplied  from  the  distribution  system 
or  other  auxiliary  sources  of  the  backwashing  system. 

When  used  in  conjunction  with  good  sand  expansion  under  the  influence 
of  the  backwash,  mechanical  surface  wash  will  thoroughly  clean  sand, 
Anthrafilt,  or  beds  of  other  media. 

The  rate  of  filtration,  temperature  of  the  water,  loss  of  head,  and  back- 
washing  are  the  important  features  of  filter  operation. 


Pressure  Filters 

1  he  general  construction  and  operation  of  these  units  is  essentially 
the  same  as  tor  gravity  filters.  Figure  41.  They  are  operated  under  pressure 
with  the  filter  medium  enclosed  in  steel  tanks  and  the  water  forced  through 
the  bed.  The  maximum  late  of  filtration  is  limited  to  standard  Hows,  but 
actua  ly  is  controlled  by  the  volume  of  water  passing  throiigh  them  Wdien 
the  filters  become  dirty,  they  are  backwashed  as  are  gravity  filters  Sand 
sizes  vary  Ironi  0.30  to  0.40  mm.  diameter  and  the  beds  have  normal  depths 

These  fir*  fi  I  PiP'-  "■'‘It''-  drain  systems! 

These  filters  find  general  application  in  secondary  industrial  and  swimming 
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pool  installations,  although  a  few  small  domestic  treatment  plants  have 
found  it  economically  advantageous  to  install  them  for  water  supplies. 

Taste  and  Odors 

It  is  difficult  to  distinguish  between  taste  and  odor  since  these  senses  are 
so  closely  related.  In  the  discussion  of  control  procedures  the  contaminants 
producing  taste  and  odors  will  be  considered  without  differentiation. 

Sources  of  tastes  and  odors  are  found  in  heavy  infestations  of  micro¬ 
organisms  and  trade  waste  pollution  from  coke  oven  wastes,  discharge 


Fig.  41.  Pressure  filter  unit.  (Courtesy,  The  Permutit  Co.) 


from  creosoting  works,  gas  plants  and  oil  refineries,  and  other  mdustria 
operations.  Occasionally  trouble  results  from  the  use  of  pipe  lines  and 
tanks  protected  l)y  some  types  of  coal  tar  paints  which  impart  tastes  and 
odors  It  is  characteristic  of  many  industrial  wastes  that  the  amounts 
discharged  by  these  industries  are  not  particularly  objectionable  until  the 
water  is  chlorinated.  The  chlorophenols,  produced  liy  the  addition  ot 
chlorine  to  water  carrying  phenolic  wastes,  m  which  the  ch  orine  has  re¬ 
placed  either  the  hydroxyl  radical  or  has  split  off  the  hydrogen  of  the 

nrimnnl  comDOund,  are  the  worst  offenders. 

The  most  Lmmon  origin  ot  taste  in  a  water  supply  is  the  ,lecomi»s,t.on 
of  .lead  micro-organisms,  especially  algae.  Excess.ve  c-cenWat.ons 
these  organisms  frequently  occur  .luring  periods  of  warm  water  and, 
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killed  by  chlorine  disinfection  or  copper  sulfate  treatment,  may  jirodiice 
obnoxious  tastes.  These  tastes  may  develop  when  algaecides  are  not  used 
because  of  the  enormous  number  of  dead  organisms  that  occur  through 
natural  causes. 


Control 


Chlorine.  It  is  generally  assumed  that  a  count  of  500  organisms  per  ml. 
will  cause  taste  when  prechlorination  is  used  and  that  without  this  treat¬ 
ment  greater  concentrations  may  be  troulilesome.  The  powerful  oxidizing 
properties  of  chlorine  are  used  to  break  down  these  organic  compounds  into 
simpler  tasteless  products  by  the  addition  of  more  chlorine  than  is  re¬ 
quired  as  a  bactericide.  This  action  is  produced  by  superchlorination. 
Chlorine  is  the  cheapest  oxidant  available.  With  precise  measurement 
of  the  free  residual  concentration,  oxidation  of  taste  proflucing  chemically 
unstable  trade  wastes  and  organic  compounds  from  vegetation  and  micro¬ 
organism  decomposition  is  practical.  Stable  chemical  compounds  such  as 
oil  refinery  wastes,  will  not  be  oxidized. 

As  explained  on  page  1()4,  by  use  of  the  Laux  “flash”  test  and  the  Halli- 
nan  ortho-tolidine-arsenite  determination,  chlorination  may  be  accom¬ 
plished  without  the  lormation  of  taste  producing  volatile  chloro-substitu- 
tion  compounds.  A  palatable  water  will  in  many  instances  be  produced 
when  a  contact  period  of  4  to  6  hours  is  a^'ailable  for  either  pre  or  post 
chlorination. 


Superchlorination  is  used  for  short  contact  periods.  It  may  be  defined 
as  the  use  of  such  high  doses  as  to  recpiire  the  subsequent  use  of  a  de- 
chlorinating  agent.”'*  Dechlorination  to  remove  chlorine  taste  is  usually 
accomplished  with  sulfur  dioxide  or  activated  carbon. 


Chloramines.  The  use  of  chloramines  for  taste  control  has  to  a  large 
degree  been  superseded  by  either  the  breakpoint  or  superchlorination 
treatment.  Chloramines  are  of  value  as  inhibitors  for  chloro-phenol  tastes 
I  hey  will  not  destroy  the  phenol  waste  but  do  prevent  the  intensification  of 
taste  from  these  products  upon  chlorination.  This  attribute  is  due  to  the 
slow  release  ol  hypochlo.ous  aei.l  witli  tlie  nascent  oxygen  not  readily 
reaefmg  with  the  hydroxyl  radical  in  the  phenol  molecule  ^ 

Chlorine  Dioxide.  The  use  of  chlorine  dioxide  for  the  control  of  tastes 
and  odors  is  being  extensiyely  investigated.  This  material  is  an  unstable 

Ls  .m  “  r'"  available  chlorine  content 

has  an  oxidizing  cap.aeity  2.5  times  greater  than  chlorine.  Its  development 

l^s  been  made  possible  by  the  commercial  production  of  sodiirdZ  ^0 

ntateri  ;  n  :  , 

economically  justified,  is  practical  for  taste  removal 
Aeration.  Aeration  of  water  removes  tastes  and  odors  by  sweeping  out 
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the  dissolved  gases  which  are  then  replaced  by  oxygen  from  the  air.  The 
water  may  be  forced  through  nozzles  into  the  air  as  a  fine  spray,  allowed 
to  cascade  over  an  irregular  surface  from  a  pre-determined  height,  or  air 
may  be  mechanically  drawn  into  it  under  pressure.  The  dissolved  gases 
and  light  volatile  oils  are  mechanically  removed  by  the  spray  of  very  tine 
bubbles,  while  the  chlorinated  organic  compounds  are  partially  oxidized 
by  the  treatment.  Aeration  cannot  be  expected  to  remove  taste  from 
phenol  wastes  or  algae  decomposition  products,  but  will  remove  excess 
chlorine  and  reduce  chloro-compounds. 


Fig.  42.  Chlorine  dioxide  generating  equipment.  (Courtesy,  Mathieson  Chemical 
Co.) 


Activated  Carbon.  Activated  carbon  is  a  valuable  adsorbent  of  taste 
producing  compounds.  It,  is  utilized  in  many  plants  by  adding  the  powdered 
material  to  the  water  before  filtration.  Special  e(,uipment  ,s  not  necjary 
for  feeding  it.  The  carbon  must  be  intimately  mixed  with  the  water  a 
allowed  the  greatest  possible  time  of  contact  before  filtration.  It  is  usually 

anniied  with  the  coagulant  in  the  mixing  basin. 

Tastes  and  ixlors  line  to  organic  substances  may  be  removed  by  heavily 
chlorinating  the  water  initially  to  break  down  the  organic  compounds.  1  his 
a  r^tt,  followed  by  the  addition  of  activated 

pounds  are  more  easily  adsorbed  than  the  original  mateiia  s. 
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The  continued  use  of  powdered  activated  carbon  in  conjunction  with 
prechlorination  and  superchlorination  will  be  an  interesting  development 
of  the  future.  Concentrations  of  activated  carlion  required  to  remove 
taste  successfully  vary  from  0.6  to  10.0  ppm.  Since  waters  possess  different 
characteristics,  which  frequently  change  from  day  to  day,  only  trial  with 
empirical  dosage  will  determine  the  proper  concentration  to  use. 

Granular  activated  carbon  filtering  units  for  small  installations,  500 
gallons  per  minute  or  less,  are  often  placed  in  service  lines  in  food  manu¬ 
facturing  establishments.  A  few  municipal  plants  have  installed  gravity 
filters  of  this  material. 


Public  Health  Effect  of  Taste 

A  palatable  water  is  essential  for  public  consumption.  Water  having 
a  disagreeable  taste  or  odor  will  cause  consumers  to  drink  from  sources 
other  than  the  public  supply.  In  some  instances  these  sources  are  not 
bacterially  safe.  It  is  apparent  therefore  that  a  public  supply  which  fre¬ 
quently  has  a  bad  taste  is  a  potential  health  hazard.  In  addition,  the 
quantity  of  water  drunk  may  be  curtailed,  with  the  substitution  of  less 
desirable  beverages.  Tastes  and  odors  are  always  undesirable  from  an 
esthetic  point  of  view. 


Iron  and  Manganese  Removal 

Many  water  supplies  contain  quantities  of  iron  and  manganese  that 
cause  them  to  be  unsatisfactory  for  domestic  or  industrial  use  without 
treatment.  Iron  has  long  been  recognized  as  an  impurity  of  ground  waters. 
Manganese  is  more  commonly  present  in  both  ground  and  impounded 
surface  waters  than  is  generally  realized. 

Waters  containing  less  than  0.2  ppm.  of  iron  and  manganese  are  not 
objectionable  to  the  average  consumer.  Higher  concentrations  deposit 
stains  on  white  enamel  fixtures  and  on  clothes  washed  in  the  water  The 
presence  of  these  hydrous  oxides  in  a  water  supply  will  also  cause  com¬ 
plaint  from  bottlers,  commercial  laundries,  paper  mills,  and  ice  manu- 
actunng  plants  1  he  unstable  manganese  oxides  protiuce  a  false  ortho- 
tohdine  color  which  interferes  with  the  residual  chlorine  tesf^  in  water 
examinations.  Ihe  taste  imparted  by  iron  salts  is  obiectionable  to  many 

In  ground  water  supplies  these  elements  are  held  in  solution  as  bi 
carbonates  by  the  dissolved  carbon  dioxide.  Surface  supplies  may  inter 

deep™  ervoim  Thl'T’"  concentrations  when  impounded  in 

fc'rj  ;:l  rsrrz’  r“r -f 
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the  bottom  of  the  reservoir.  Active  fermentation  takes  place  when  the 
temperature  of  the  bottom  water  is  above  68°  F.  and  is  accompanied  by 
a  j2;radual  reduction  in  the  dissolved  oxygen.  This  decomposition  progress¬ 
ively  releases  carbon  dioxide.  ^Manganese  compounds  are  converted  into 
manganous  bicarbonate  and  retained  in  solution. 

With  equilization  of  top  and  bottom  water  temperatures  below  59°  F. 
in  the  autumn  “seasonal  turnover”  the  soluble  manganese  is  distributed 
throughout  the  water  and  is  converted  to  hydrous  oxide  by  the  dissolved 
oxygen  available  in  the  surface  layer  of  the  water.  This  increase  in  dis¬ 
solved  oxygen  checks  the  anaerobic  decomposition  and  the  manganese 
density  becomes  of  negligil)le  importance  until  the  next  period  of  warm 


water. 

Since  iron  and  manganese  are  generally  held  in  solution  as  the  bicarbonate 
by  the  dissolved  carbon  dioxide,  aeration  is  used  to  release  the  gas.  The 
oxygen  introduced  will  partially  precipitate  the  iron  and  manganese  as 
hydrous  oxides.  The  process  also  removes  other  \^olatile  gases  such  as 
hydrogen  sulfide.  The  aeration  is  followed  by  6  hours  of  sedimentation  and 
sand  filtration.  High  concenf rations  of  iron  are  reduced  to  less  than  0.1 
ppm.  by  this  method.  When  removal  of  all  carbon  dioxide  is  desired,  it 
must  be  neutralized  with  lime  or  other  alkali  before  filtration  through  the 
sand  beds.  Manganese  is  more  difficult  to  precipitate  than  iron. 

About  0.14  ppm.  of  oxygen  will  precipitate- 0.1  ppm.  of  iron;  0.29  ppm. 
is  required  for  1  ppm.  of  manganese.  The  reactions  are: 


Fe(HC()3)2  +  iHO  ^  Fe0-H20  +  2CO2  +  H2() 

4FeO-H20  +  2H2O  ^  2Fe203 -31420 

2iSIn(  11003)2  +  H2O  2MnO-Il20  +  4CO2  +  H2O 

The  hytlroLis  manganese  oxide  formed  initially  by  aeiation  will  ^ 

o^lize  to  a  manganic  oxide  (MnaO.)  and  then  be  slowly  convened 

of  iron  and 
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points  are  at  pH  9.4,  making  possible  (piantitative  removal  of  them  in 
accordance  with  these  reactions: 


4Fe(HC()3)2  +  8Ca(()H)2  ->  2Fe2()3-3H20  +  SCaCOs  +  ()H2() 
2Mn(HC()3)2  +  4Ca(OH)2  +  202  2Mn()2-H20  +  dCaCOa  +  4H2() 


Therefore  coagulation  followed  by  sedimentation  and  filtration  will  pro¬ 
duce  a  water  free  from  these  elements. 

A  special  zeolite  filter  functioning  at  20  gallons  per  sipiare  foot  jier 
minute,  has  been  developed  to  remoi^e  iron  and  manganese  by  base  ex¬ 
change  reaction.  The  plant  at  East  Lansing,  Mich.,  is  a  typical  installa¬ 
tion. 


Fig.  43.  Coke  bed  aerator,  Lincoln,  Neb.  (Courtesy,  D.  L.  Erickson.) 


SCALE  or  FEET 


AERATOR  UNIT 

AT  IRON-AND  MANGANESE 
REMOVAL  PLANT.  ASHLAND 
STATION.  LINCOLN. NEBRASKA 


Precipitation  of  manganese  by  use  of  snpeichlorination  i.,  practical 
pjided  a  sufficient  tlosage  is  applied  to  destroy  all  organic  material 
to  oxidize  the  manganese  to  an  insoluble  oxide.  This  may  be  accom- 
p  IS  lex  )y  maintaining  a  free  residual  chlorine  concentration  of  not  less 
than  0.5  ppm.  in  the  filtered  water.  These  reactions  are: 


V  I2  -r  1421  r  - r  ^IXWV  1  -f  :^MU1 

()Mn()  +  2H()C4  2Mn;j()4  +  2HC1 

4Mn3()4  4-  2H()C1  — >  ()Mn2()3-2H2()  +  2HC1 

with  the  hydrochloric  acid  neutralized  liy  the  calcium  bino.-L  i 

in  the  water.  t^icium  Incaibonate  present 

P'ocetliire  has  been  satisfactorily  used  at  Baltimoic  M,l  i 

■ng  the  ferrous  sulfate  and  lime  treafnieut.  - 
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Color  Removal 

Color  in  water  is  not  objectionable  to  the  average  consumer  unless 
greater  than  20  ppm.  It  is  obtained  from  soluble  humic  acids,  tannins,  and 
other  related  compounds. 

These  substances  are  in  the  colloidal  state  carrying  negative  charges 
and  are  removed  by  flocculation  which  occurs  best  at  pH  values  below  4.0 
or  between  6.9  and  8.3.  At  the  low  value  a  reaction  occurs  between  the 
negative  color  ion  and  the  positive  metallic  ion  of  the  coagulant,  usually 
alum  or  iron  salts,  forming  a  definite  compound.  At  pH  values  above  G.O 
the  color  particles  are  mechanically  entrapped  in  the  floe. 

Alum  is  used  as  a  coagulant  for  many  colored  waters.  The  use  of  ferric 
salts  as  coagulants  for  these  waters  is  increasing  as  they  will  produce 
floe  in  acid  or  alkaline  waters.  The  compound  obtained  with  iron  coagula¬ 
tion  has  the  formula  of  Fe203-2Si02-3H20-4R,  when  R  indicates  organic 
constituents.  The  Elizabeth  City,  N.  C.  plant  has  pioneered  in  this  field, 
developing  the  procedures  stated  above.  Coagulation  followed  liy  4  to  0 
hours  sedimentation  and  then  sand  filtration,  comparable  to  the  procedure 

for  turbidity  removal,  are  the  procedures  involved. 

Color  may  also  be  removed  by  bleaching  with  sulfur  dioxide,  as  is  c  one 
at  Tampa  Fla.,  with  excess  chlorine  or  chlorine  dioxide.  These  substances 
are  very  effective,  provided  the  color  is  from  tannin  or  other  vegetal)  e 
compounds  and  when  sufficient  contact  time  or  aeration  is  utilized  to  rid 

the  water  of  the  excess  gas  prior  to  use. 

Corrective  Treatment 

Soft  waters  containing  dissolved  oxygen  and  carbon  dioxide  will  exces- 
siv^ely  corrotle  iron  and  steel.  The  fundamental  reactions  underlying  cold 
water  corrosion  disclose  that  iron  dissolves 

::^eirTr:r:f“  i"  :z.:i?:th:  i  of  11.;— 

Hydrogen  him  by  — 

is  apparent  thereloie  that  ihssoh^^^^^^ 

corrosion,  bystems  sho\  g  or  clean  iron  sur- 

corroding  in  direct  proportion  to  rates, 

faces,  water  at  pH  values  between  ^  ^  ,,,Hon  ilioxide 

lunbien  it  is  possible  to  "‘^Vru^i't'TLlcrm  c“b 

will  be  checked.  The  <len.se  compact  coa  ingon-^ 

precipitated  when  the  nater  has  P  b  jUtTusion  of  the 

carbonate  saturation  point,  serves  as  a  baiiiei 

dissolved  oxygen  to  the  metal  surface. 


WATER  SUPPLIES 


159 


Carbon  dioxide  is  removed  iiy  absorption  in  lime  or  other  alkali.  Suffi¬ 
cient  alkalinity  must  be  constantly  maintained  to  neutralize  the  free 
carbon  dioxide  and  keep  the  water  at  the  calcium  carbonate  saturation 
point.  Figure  44.  Deposition  of  rust  in  alkaline  waters  is  an  indirect  but 
effective  method  of  protection.  The  practical  value  of  this  treatment  is 


Fig.  44.  Baylis  calcium  carbonate  curve 


Fig.  45.  Pipe  taken  from  distribution  system 


shown  in  Figure  45,  in  which  a 
pared  with  one  not  so  treated. 


pipe  protected  by  lime  treatment  is  com 


Softening 

I  pm.  acceptable  fo.  .lomest.c  u.se.  A  drinking  water  containing 


160 


THE  PRACTICE  OF  SANITATION 


300  ppm.  of  calcium  bicarbonate,  1,500  ppm.  of  chloride  or  2,000  ppm.  of 
sulfate  is  unhealthful  for  most  persons,  causing  gastric  disturbances.  These 
salts,  particularly  the  sulfate,  cause  incrustation  in  kitchen  utensils,  house 
heating  systems,  industrial  steam  generating  plants  and  also  directly  affect 
the  manufacture  of  certain  foods,  textile  dyeing,  and  other  chemical  in¬ 
dustries. 

A  hardness  of  100  ppm.,  expressed  as  calcium  carbonate,  is  considered 
to  be  suthcientlv  soft  for  general  domestic  use  and  has  been  accepted  as 
the  criterion  for  municipal  softening.  The  distribution  of  hard  water  in 
the  United  States  covers  a  wide  geographical  area. 


Lvne-soda  Process 

Softening  of  municipal  water  supplies  is  commonly  accomplished  by 
the  lime-soda  process  as  shown  by  the  following  reactions. 


(Lime) 

(Lime) 

(Soda) 

(Soda) 


Ca(HC()3)2  +  Ca(OH)2  2CaC()3  +  2H2O 
Mg(HC03)2  +  2Ca(()H)2  AIg(()H)2  +  2CaC()3  +  2H2O 

CaS04  +  Xa2C()3 UaC()3  +  Na2S04 

MgS()4  +  Ca(()H)2  +  Na2C()3-^  Mg(()II)2  +  CaC()3  +  Na.SO 

These  reactions  can  be  carried  on  simultaneously  in  waters  containing  both 
bicarbonates  and  sulfates  by  the  addition  of  the  lime  and  soda  at  the  same 
time.  The  calcium  carbonate  formed  will  precipitate  out  leaving  a  residual 

hardness  of  75  to  100  ppm. 

Softening  is  accomplislied  l>y  several  stages.  C.oagulants  a.e  added  to 
raw  water.  After  mixing  and  settling,  the  softening  chemicals  arc  then 
introduced,  given  a  secondary  mixing  and  sedimentation ;  the  effluent  fiom 
this  treatm^t  is  then  carhonated  with  carhon  dioxide  to  reito  he 
alkalinity  to  the  calcium  carbonate  saturation  point  before  hltiation 
Ugh  sand  hells.  Recarhonation  is  necessary  to  prevent  precipitation  of 
the  particles  of  di.s.solvcd  unstable  carbonates  on  the  sand  giam. . 

CaCOa  +  C(h  +  HjO  Ca(HC(),)-.  (recarhonation) 

Mixing  periiKls  from  20  to  30  minutes  with  3  to  4  hotir.s  for 
sedimentation  and  0  liours  -“-t'L^rsIir.rpmcdpit  at  pH 

.  .0.0  -^ii 

and  precipitation  of  the  excess  ime  n-rains.  A  more  jialatable 

before  filtration  to  avoid  incius  a  ion  o  this  softening. 

Si— . . .  ■ 
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of  sludge  blanket  de\'iees.  These  units  give  complete  softening  with  45  to 
60  minutes  detention.  A  special  adaptation  of  the  sludge  blanket  is  found 
in  several  patented  processes.  These  softeners  are  effective  with  only  10 
minutes  detention,  making  them  valuable  for  small  installations. 

Filter  beds  used  in  softening  are  of  construction  similar  to  those  for 
general  use,  and  the  flow  through  them  is  at  the  rate  of  2  gallons  per 
square  foot  per  minute.  Carbon  dioxide  is  obtained  by  burning  coke,  oil. 


- - - 

or  gas  in  a  special  furnace  equipped  witli  a  scrublier  to  remove  undesirable 

products  of  combustion.  Commercially  manufactured  gas  loaded  in  cvlin- 
ders  IS  also  used. 

Ihe  outstanding  lime-soda  ash  treatment  plant  is  at  Columbus  O 
In  this  plant  the  steps  previously  enumerated  are  carried  out  The  Chain 

“pLntt  trXmt.'*'  -ftenhig 


I  se  of  Polyphosphates 

Xoimal  carbonates  may  be  retained  in  solution  bv  the  nf  c  r 
hexametaphosphate.  A  dose  of  1  to  2  ppm.  ap^ld^atr '"oftmii:;'::;; 
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prevent  the  precipitation  of  calcium  carbonate  on  the  hlter  sand  and 
stabilize  the  alkalinity  throughout  the  distribution  system  even  at  high 
pH  values  above  10.0.  Prevention  of  “red  water”  at  these  high  alkalinities 
has  been  satisfactory  with  this  treatment,  since  the  hexametaphosphate 
does  not  reduce  the  pH  value  of  the  filtered  water.  The  ions  of  calcium, 
magnesium,  iron,  manganese,  etc.  are  held  in  solution  or  sequestered. 


Zeolite  Softeners 

Softening  of  water  by  the  use  of  zeolite  minerals  is  another  popular 
method.  These  compounds  are  found  as  natural  “green  sands”,  or  they 
are  manufactured.  They  are  basically  sodium  aluminum  silicates  having 
the  general  formula  of  SSiOo- AbOs-Na-iO.  These  silicates  have  the  property 
of  base  exchange;  that  is,  they  will  give  up  their  sodium  content  in  exchange 
for  the  calcium  or  magnesium  ions  in  the  water.  When  the  sodium  ion  in 
the  mineral  has  become  exhausted,  it  is  regenerated  by  passing  a  strong 
solution  of  sodium  chloride  (brine)  through  it,  reversing  the  reactions  and 
restoring  its  base  exchange  capacity.  Upon  completion  of  the  reaction 
the  excess  brine  is  washed  from  the  bed  and  the  softener  is  ready  for  use. 

Zeolite  filters  are  commonly  used  with  industrial  water  supplies  and 
are  constructed  similarly  to  pressure  filters  with  the  zeolite  replacing 
the  sand.  They  are  effective  with  clear  water  since  turbidity  particles 
will  clog  the  pores  of  the  mineral  with  loss  of  base  exchange  capacity. 
Flow  through  these  beds  may  be  downward  or  upward  depending  on  the 
plant  conditions.  They  are  operated  at  rates  varying  from  4  to  6  gallons 
per  square  foot  per  minute. 

These  units  have  been  installed  in  a  few  municipal  plants.  Zeolite 
plants  are  economical  when  there  is  no  place  for  sludge  disposal  from 
the  lime-soda  ash  process,  and  in  small  plants  the  simplicity  and  ease 
of  manipulation  make  the  process  desirable.  All  hardness  can  be  remov^ 
but  the  usual  practice  is  to  soften  part  of  a  municipal  siipp  y  and  dilute 
it  with  unsoftened  water  so  that  the  resultant  water  as  delivered  has  a 

hardness  of  about  100  ppm. 


Disinfection 

Of  all  the  many  substances  possessing  germicidal  properties  only  chlo¬ 
rine  o.one  ultra  violet  radiation,  ami  oligixlynamic  silver  are  of  practical 
value  in  w’ater  purification  Of  these  chlorine^  is  exten-sively  utilized  an 

“X trtlrorctsT,1ogette  wi?h  convenient 

dependability  when  applied 

reaS:  l:  iSTimt  favorable  conditions  but  the  complicated  control 
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procedure  and  cost  of  application  freQuently  prohibit  theii  use  for  water 
treatment.  The  low  cost  of  chlorine  together  with  simplicity  and  reliability 
of  service  has  made  it  the  germicide  of  choice  in  most  instances. 


Chlorine 


Chlorination  of  w'ater  prior  to  filtration,  commonly  known  as  prechlor¬ 
ination  is  usual  practice.  It  is  an  excellent  safeguard  against  sudden  pollu¬ 
tion  in  the  raw  wTater  and  also  provides  a  greater  margin  of  safety  by 
reducing  any  excessive  bacterial  load  in  all  phases  of  the  purification 
process. 

By  far  the  major  portion  of  chlorine  added  to  water  for  disinfection 
reacts  with  and  is  consumed  by  the  organic  material  in  the  water.  It  is 
therefore  necessary  to  satisfy  the  requirement  of  reducing  compounds 
before  any  excess  or  residual  chlorine  can  exist.  This  capacity  of  w'ater  to 
reduce  chlorine  is  measured  as  its  “chlorine  demand”  and,  before  complete 
disinfection  may  occur,  all  of  this  demand  must  be  satisfied.  This  demand 
is  defined  as  the  amount  of  chlorine  consumed  after  a  contact  period  of 
30  minutes. 

Testing  for  Residual  Chlorine.  The  ortho-tolidine  test  used  for 
many  years  is  based  on  a  general  reaction  not  specific  for  chlorine.  It  is 
affected  by  unstable  oxides,  and  reducing  compounds  give  false  readings. 
The  color  produced  in  the  test  may  therefore  be  produced  by  free  chlorine, 
combined  chlorine,  interfering  oxidation,  or  reduction  compounds.  With 
the  development  of  differential  tests  it  is  now  possible  to  determine  the 
concentration  of  these  substances  and  evaluate  them  separately. 


The  more  or  less  regular  appearances  of  coliform  organisms  and  high 
bacterial  counts  in  a  distribution  system  formerly  thought  to  be  caused 
by  resistant  or  attenuated  strains,  were  actually  due  to  insufficient  chlorine 
to  kill  them.  This  early  error  can  be  explained  by  the  fact  that  frequently 
when  chlorination  is  controlled  by  the  conventional  ortho-tolidine  test 
the  available  free  chlorine  actually  present  is  much  less  than  that  indicated 
by  the  color  of  the  test.  Interfering  substances  may  give  a  fictitious  test 
for  the  presence  of  free  chlorine.  The  presence  of  chlorine  in  combination 
therefore  not  effective  as  a  bactericide,  is  also  shown  by  the  ortho-tolidine 


free  available  residual  of  0.3 


Using  a  prechlorination  dosage  of  sufficient 


concentration  to  give  a 


ppm.  in  the  plant  effluent  has  practically 
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eliminated  eoliform  organisms  from  the  Baltimore,  jMd.  distribution  sys¬ 
tem.  Only  sporadic  outbreaks  of  B.  coli  have  occurred  which  investigation 
indicated  were  caused  by  repair  or  construction  work  of  magnitude  in 
localized  areas  of  the  distribution  system.  'This  treatment  has  been  accomp- 


Fig.  47.  Residual  chlorine  recorder.  (Courtesy,  Wallace  and  Tiernan  Co.) 

li»h<.<l  witlu.ut  taste  complaints.  Plant  control  is  based  “ 

test  with  daily  lalioratory  citceks  l,y  tl.e  ortl.o-tolKi.ne-arscn.te  test.  11ns 

method  of  determining  the  free  available  residual  chlorine  is  non  ili  rommo 


u.se. 


Chloramines 


in 


4'he  delayed  action  of  chloramines  at  vary 
maintaining  a  distribution  system  Iree 


ing  pH  \’alues  is  of  advantage 
from  bacteria.  Ihcir  use  is 
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dpsirablc  when  it  is  not  possiblo  to  carry  a  free  available  lesitliial  chloiine 
concentration  of  not  less  than  0.2  ppm.  throughout  a  system.  Inability 
to  maintain  a  0.2  ppm.  residual  may  be  cau.sed  by  the  dissipation  of  free 
chlorine  in  the  water  of  open  reservoirs  or  by  the  formation  of  objectionable 
taste-producing  chloro-phenols.  A  ratio  ol  4  parts  of  chlorine  to  1  part  of 
ammonia  as  applied  at  the  treatment  plant  is  needed  for  the  formation  of 
chloramines. 

The  experience  at  Houston,  Texas,  of  using  a  pi-echlorination  dose  of 
5  ppm.  of  free  available  residual  chlorine  for  disinfection  with  post  chlor- 


Fig.  48.  Battery  of  chlorinators  serving  an  automatic  station,  Baltimore,  Aid. 


amine  treatment  to  carry  1.0  ppm.  residual  in  the  “clear  well”  is  typical. 

After  60  days  0.1  to  0.3  ppm.  chloramine  was  found  in  all  “dead”  ends  of 
the  distribution  system. 


(  hloriiidtioii  of  Sccondory  Reservoirs 

Many  distribution  systems  l.ave  uncovered  secondary  reservoirs  intro¬ 
duced  mto  them  to  maintain  adequate  pressure  and  reserve  supply  These 
open  reservoirs  are  exposed  to  contamination  bv  air-borne  dirt  bird 
excreta,  and  debris.  To  overcome  this  pollution  and  to  assure  the  absence  of 
cohform  organisms  .secondary  chlorination  is  practiced.  It  cannot  be  con- 
sideied  a  good  substitute  for  sanitary  control. 

The  daily  application  of  high  test  hypochlorites  to  the  water  surface 
IS  common  practice.  These  are  applied  either  by  spraying  a  soMio"  ter 
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the  surface  or  distributing  the  powdered  material  from  a  boat.  Accurate 
dosage  is  difficult  to  obtain  and  bacterial  control  is  erratic. 

To  assure  adecpiate  disinfection,  automatic  chlorination  of  the  flow 
from  secondary  reservoirs  as  it  discharges  into  the  distribution  system  is 
practiced.  This  is  done  at  the  five  equalizing  reservoirs  at  Baltimore,  Md., 
and  at  the  four  in  New  York  City.*^  Many  other  cities  have  similar  second¬ 
ary  reservoirs,  some  of  them  covered. 


Disinfection  Control  at  the  Treatment  Plant 

Disinfection  control,  in  the  final  analysis,  depends  upon  the  absence  of 
organisms  of  the  coliform  group.  Regular  systematic  bacteriological  analy¬ 
sis  of  a  treated  water  is  the  best  assurance  of  its  purity.  It  is  not  safe  to 
attempt  to  control  a  plant  on  the  basis  of  a  single  sample  per  day,  and  when 
samples  are  taken  weekly  serious  hazards  may  result.  Samples  must  be 
collected  at  the  plant  at  least  twice  tlaily,  when  the  plant  is  in  continuous 
operation,  preferably  every  8  hours.  Plants  handling  large  volumes  of  water 
or  raw  water  subject  to  wide  variations  in  quality,  should  have  moie 
frequent  samples  taken.  When  a  plant  is  intermittently  operated,  two 
samples  daily,  at  properly  spaced  intervals,  should  be  collected.  Additional 
samples  must  always  be  taken  from  the  distribution  system. 


Cross  Connections 

Direct  cross  connection  between  a  water  system  carrying  potable  water 
and  one  of  doubtful  purity  should  not  be  permitted.  Industrial,  institutional, 
and  domestic  supplies  of  questionable  purity  are  occasionally  inter-con¬ 
nected  to  a  public  system.  Drainage  and  waste  pipes  from  plumbing  sys¬ 
tems  are  found  connected  to  flushing  lines  from  the  distribution  system 
Sewage  may  enter  such  a  system  by  back  siphonage  under  conditions  of 
partial  vacuum  resulting  from  faulty  plumbing  fixtures.  This  partial  vacuum 
can  be  created  in  a  water  system  by  a  heavy  demand  caused  by  arge  fires 
or  a  break  in  the  mains.  A  heavy  demand  m  the  lower  floors  of  a  multi¬ 
floor  building  can  appreciably  reduce  the  pressure  and  produce  a  pai  la 

vacuum  in  the  system  in  the  higher  floors. 

Some  states  ami  many  cities  prohibit  cross  connections  Others  perm, 
them  nmler  controlled  conditions.  These  rcpilat.ons  mclude  the  use  of 
double  check  valves  rvith  “bleeders”  between  the  dual  supplies.  Ihe  i  - 
trodiiction  of  potable  water  into  non-potable  systems  shoiilil  he  i  y 

ml  oToverLad  outlet  pipes  that  feeil  into  a  tank  in  *  1  enon-imtab 
ZZem  \n  air  sap  should  separate  the  outlet  pipe  and  the  luRhest  possible 
^  f  of  water  in  the  tank  When  dual  suiiphes  are  present  m  a  biiildint,, 
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direct  discharge  of  cooling  water  from  a  potable  system  to  a  sew  er,  w  ithoiit 
an  air  gap,  is  not  permitted.  Such  a  prohibited  connection  has  been  found 
in  cooling  w'ater  systems  used  in  air  conditioning  and  industrial  apparatus. 

Back  siphonage  connections  such  as  submerged  w'ater  inlets  into  wash 
tubs,  slop  sinks,  hospital  equipment,  industrial  process  tanks,  and  im¬ 
properly  constructed  flush  toilet  valves  are  cross  connections  frequently 
discov'ered.  Whenever  the  w^ater  outlet  is  below'  the  elevation  to  which  the 
w'ater  in  the  recepticle  can  rise,  the  connection  is  classified  as  a  submerged 
inlet.  Many  of  these  installations  can  be  made  safe  by  changing  the  sub¬ 
merged  inlet  to  an  overhead  line,  wdth  an  air  gap,  above  the  top  of  the 
tank  or  tub.  Vacuum  breakers  or  backflow'  preventers  are  now  installed  on 
flush  toilet  valves  and  similar  devices.  They  are  designed  to  immediately 
admit  sufficient  air,  should  a  negative  pressure  occur,  into  the  piping  to 
cause  the  water  in  the  riser  pipe  to  drop  below  the  elevation  of  the  vacuum 
breaker.  This  entrance  of  air  into  the  system  breaks  the  column  of  w'ater 
and  prevents  siphonage  of  fluid  from  the  plumbing  fixtures.  There  are 
various  types  of  vacuum  breakers  in  service. 

An  amoebic  dysentery  epidemic  of  magnitude  caused  by  pollution  from 
cross  connections  occurred  in  Chicago  in  1933.  It  centered  in  tw'o  hotels 
of  that  city  which  received  water  from  the  public  supply.  One  hotel  w'as 
indirectly  supplied  from  the  other.  In  one  hotel  the  city  w'ater  w'as  cooled 
by  refrigerating  coils  in  an  open  w'ater  tank.  The  coils  w'ere  cross  con¬ 
nected  betw'een  tw'o  pipes  carrying  the  condenser  discharge,  and  a  house 
sewer  hung  on  the  basement  ceiling  of  the  hotel.  A  second  hazard  w'as 
revealed  in  that  the  circulating  drinking  w'ater  tank  w'as  so  located  that  the 
G  inch  sewer  line  passed  directly  over  it.  At  a  point  over  the  circulating 
water  tank  a  hole  had  developed  in  the  sewer  pipe.  It  had  been  closed  with 
a  wooden  plug  which  had  rotted  to  such  a  degree  that  sewage  dripped  into 
the  tank.  The  resulting  contamination  of  the  circulating  tank  w'as  the 
principal  cause  of  infection  among  the  hotel  guests.  During  this  period  the 
sewers  were  overloaded  because  of  the  influx  of  patrons  to  the  Century  of 
rogress  Exposition.  Additional  sporadic  instances  of  overloading  of  the 
sewer  lines  were  created  by  local  rainstorms  of  high  intensity. 


Addition  of  Fluorides 

The  application  of  sodium  fluoride  to  drinking  waters  is  l,elieved  to 
minimize  tlie  incidence  of  dental  caries.  Tliis  theory  is  basetl  tipon  obsen-i- 
rions  among  people  drinking  water  that  naturally  containrfluoridel 

Newbmgh,  K- TThan 
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nomic  value  is  yet  to  he  determined.  However,  results  so  far  indicate  that 
the  addition  of  fluorine  to  drinking  water  will  effect  a  marked  reduction 
in  dental  decay  if  1.0  ppm.  content  is  maintained. 


Standards  of  Quality 


A  potable  water  as  defined  by  the  revised  United  States  Public  Health 
Service  Standards^®  has  the  following  characteristics: 

Physical  properties.  The  turbidity  shall  not  exceed  10  ppm.,  color  10 
ppm.,  total  solids,  1,000  ppm.  and  odor  and  taste  shall  be  absent. 
Chemical  properties.  Lead  shall  not  exceed  0.1  ppm.,  copper  3.0  ppm., 
zinc  15.0  ppm.,  magnesium  125  ppm.,  iron  0.3  ppm.,  and  sulfates  be 
limited  to  250  ppm.  with  chlorides  set  at  250  ppm.  or  just  below  a  saline 
taste  concentration. 

Bacterial  properties.  The  bacteriological  examination  .  .  .  shall  be  of  sam¬ 
ples  collected  at  representative  points  throughout  the  distribution  sys¬ 
tem.  The  frequency  of  sampling  and  the  location  of  sampling  points 
on  the  distril)ution  system  shall  be  such  that  will  determine  properly  the 
bacteriological  quality  of  the  water  supply.  The  minimum  number  of 
samples  to  be  collected  from  the  distribution  system  and  examined  .  .  . 
each  month  shall  be  in  accordance  with  .  .  .  the  relationship  of  population 


served : 


Population  served 


Minimum  number  of  samples 
per  month 


2,500  and  under 
10,000 
25,000 


7 

25 

100 

300 

390 

500 


100,000 

1,000,000 

2,000,000 

5,000,000 


potential  health  hazard.  An  occasion; 
permitted,  in  recognition  of  the  tact 
vary  from  day  to  day. 
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It  is  significant  that  in  the  Standards  emphasis  is  placed  upon  excellent 
sanitary  control  rather  than  upon  direct  bacteriological  testing.  While 
the  importance  of  bacteriological  control  is  recognized,  the  Standards 
properly  interpret  the  results  of  these  tests  only  as  indicating  irregu¬ 
larities  and  pollution  dangers,  rather  than  establishing  pollution.  Therefore 
every  effort  should  be  made  to  deliver  sterile  water  to  the  consumer  rather 
than  a  product  that  just  meets  the  minimum  standards. 

The  chemical  and  physical  factors  established  by  the  Standards  obviously 
assure  a  palatable  water.  A  noticeably  colored  or  turbid  water  or  one  with 
an  unpleasant  taste  is  looked  upon  with  suspicion  by  the  public.  The 
physiological  effect  of  the  dissolved  chemical  constituents  upon  persons 
is  difficult  to  evaluate.  The  effect  of  high  concentrations  of  magnesium 
sulfate  is  well  recognized  and  poisonous  metals  such  as  lead  and  copper 
cannot  be  permitted  in  quantity.  Where  chemical  purification  is  practiced, 
excess  chemicals  should  be  avoided.  Every  effort  should  be  made  to  promote 
as  satisfactory  a  water  as  ]5ossible  in  relation  to  its  inherent  chemical 
constituents,  with  due  regard  to  the  natural  characteristics  of  the  region 
from  which  the  supply  is  obtained. 

Responsibility  for  the  safety  of  a  water  supply  is  vested  in  the  various 
state  departments  of  health  and  control  procedures  are  administrated  by 
the  state  sanitary  engineer.  Review  of  the  design  and  certification  of  the 
plans  by  this  official,  prior  to  construction,  assure  the  satisfactory  installa¬ 
tion  of  a  waterworks  system.  Frequent  inspections  and  surveys  of  the 
operational  features  keep  the  system  free  from  defects. 
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Chapter  VII 

DISPOSAL  OF  SEWAGE 


One  of  the  disadvantages  of  modern  civilization  lies  in  the  fact  that 
many  of  the  advantages  we  enjoy  today  carry  with  them  inccmveniences 
or  even  hazards  not  present  in  earlier  times.  The  problem  of  sewage  dis¬ 
posal  has  become  more  acute  as  people  have  concentrated  geographically 
to  obtain  the  benefits  of  city  life.  As  cities  have  grown  anrl  sj)read,  the 
once  isolated  creek  or  pool  or  ocean  beach  has  become  a  center  of  activity 
and  recreation.  The  quantities  of  sewage  at  one  time  small  enough  to  make 
burial  or  dilution  a  feasible  method  of  disposal,  have  increased  to  the 


point  where  the  older  methods  are  no  longer  practical. 

dhe  danger  to  public  health  of  a  polluted  water  supply  has  been  previ- 
ously  discussed.  Any  hazards  attributed  to  an  unsafe  water  supply  are 
equally  true  of  improper  sewage  disposal,  since  the  danger  in  drinking 
water  originates  from  contamination  by  luiman  excrement. 

Several  other  grave  dangers  exist  in  improperly  treated  sewage.  The 
ordinary  house  fly  has  a  strong  affinity  for  human  feces,  both  as  a  breeding- 
place  and  as  a  source  of  food.  The  incidence  of  typhoifl  fever  during  the 
Spanish-American  War  has  been  charged  to  flies.' There  is  good  evidence 
that  infection  of  human  food  resulted  from  access  to  the  food  by  fecally 
contiimmated  flies.  One  observer  was  intrigued  by  the  white-legged  flies 
crawling  over  his  food.  Closer  examination  showed  the  white  legs  came 
from  deposits  of  lime.  It  was  not  difficult  to  trace  the  lime  to  the  source  of 
supply— the  lime  sprinkled  feces  in  an  open  privy 

Hookworm  disease  is  closely  associated  with  un.lcsiral.le  metliods  of 
human  waste  disposal.  Hookworm  larvae  in  the  feces-p.,lluted  soil  get  on 
I  .man  suscept.bles  and  enter  the  skin  to  produce  new  cases  of  infest  rt  oT 
Ihe  s.gn.ficance  of  the  poliomyelitis  virus  in  sewage  is  still 


BASIS  OF  SEWAGE  TREATMENT 

The  most  important  objects  of  sewage  treatment  arc- 

2.  Protection  of  human  food  to  be  eaten  raw 

Lr”"”"  i"  --.oational 

4.  Protection  of  waters  to  be  ...sral  for  industrial  purp,>ses 
-  .  loteition  of  fish  and  other  aipiatic  life 
h.  Prevention  of  pollution  of  shell-fish. 
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7.  Prevention  of  hazards  to  livestock. 

8.  Prevention  of  pollution  of  waters  used  for  natural  ice. 

9.  Prevention  of  conditions  objectionable  to  sight  and  smell. 

10.  Protection  of  soil  against  pollution. 

Phe  extent  to  which  sewage  should  be  treated  will  depend  upon  its 
strength  and  quantity;  the  amount  of  pollution  already  in  the  water  into 
which  the  treatment  plant  effluent  is  discharged;  the  volume  and  variation 
of  flow,  particularly  during  dry  periods  of  the  year,  of  this  diluting  water; 
and  the  use  made  of  the  diluting  water  below  the  sewage  works. 


URBAN  DISPOSAL  PROCEDURES 

For  many  centuries  drainage  systems  have  been  a  necessary  adjunct  to 
municipal  life.  Excavations  made  by  archeologists  in  Crete,  Greece,  and 
Mesopotamia  have  indicated  that  house  drains  and  sewers  were  used  to 
carry  off  the  drainage  from  dwellings  and  luiildings.  The  Cloaca  Maxima, 
a  large  underground  conduit  in  Pome,  is  one  of  the  outstanding  examples 
of  a  drain  sewer  used  more  than  2,000  years  ago.  Sewers  have  been  in 
service  for  many  centuries  in  the  older  European  cities,  notably  London 

study  of  sewerage  facilities  conducted  by  the  United  States  Public 
Health  Service  furnishes  good  evidence  of  the  extension  of  sewage  disposal 
facilities  in  the  Ihiited  States.  In  1800  1  person  out  of  30  was  served  1^  a 
sewer  system;  in  1945,  this  figure  was  1  out  of  2-  between 

ZS,  Ti.  ™  -  '“"Z 

is  not  treated  before  discharge  into  the  receiving  nateis.  “ 

communities  of  10,000  or  more  population  had  sewerage  syste  ■  , 

mZbol  >  1  per  ent  of  the  communities  with  populations  between  i  000 
^fl  "o,000  laid  them.  Less  than  .8  per  cent  of  the  communities  below  lOtHl 

population  had  such  ^  j  aemanded  more  than  ever 

cases  include  sewage-treatment  works. 

Lawrence  Experiment  Station 

f  4  In  the  eastern  portion  of  IMassachusetts 

The  gross  pollution  of  stiea  . 

„ecome  such  a  serious  ,;;stem  of  drainage- 

committees  were  aPP™"'"  _  recommendeil  the  establishment 

for  the  streams  near  Boston.  Ilieii  lepoiis 
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of  a  permanent  organization  to  control  the  pollution  of  the  streams  in 
this  state.  In  accordance  with  these  recommendations  the  Legislature  in 
1886  charged  the  State  Board  of  Health  with  the  duty  of  advising  its 
citizens  as  individuals  and  also  as  civic  units  as  to  the  proper  methods  of 
water  supply  and  sewage  disposal.  The  Board  was  also  ordered  to  collect 
information  and  to  conduct  experiments  on  the  purification  of  sewage. 

This  agency  in  1887  established  the  Lawrence  Experiment  Station  on 
the  banks  of  the  Merrimac  River  under  the  direction  of  Allen  Hazen.  Sew¬ 
age  purification  as  a  function  of  the  slow  oxidation  of  organic  matter 
carried  on  by  living  bacteria  and  micro-organisms,  was  the  fundamental 
fact  developed  at  this  Station.  I'pon  this  general  principle  depends  the 
functioning  of  the  contact  bed,  the  spi'inkling  filter,  and  the  activated 
sludge  process.  The  principles  established  at  this  station,  excluding  chemi¬ 
cal  precipitation,  underlie  many  modern  sewage  disposal  processes. 

The  earliest  investigations  that  had  any  close  relationship  to  our  present 
disposal  methods  were  carried  on  in  Berlin  by  Dr.  Alexander  Mueller. 
During  the  years  1865  to  1870,  he  studied  the  effects  of  filteiing  and  con¬ 
cluded  that  the  stabilization  ot  the  sewage  passing  through  filters  was  pro¬ 
duced  by  living  organisms  in  the  filters.  These  conclusions  were  verified 
by  two  Frenchmen,  Muntz  and  Schoesing,  in  1877.  The  discovery  of  the 
typhoid  organism  in  1880  by  the  German,  Eberth,  helped  toward  the 
understanding  of  the  sewage-water-human  triangle  of  typhoid  fever.  The 
first  work  of  significance  in  the  Imited  States  was  carried  on  at  the  Law¬ 
rence  E.xperiment  Station  in  Massachusetts. 


1 YPES  OF  Sewerage  Systems 

Ihere  are  two  types  of  sewerage  systems;  seitarate  and  combined  In 
many  instances  both  are  found  in  the  same  city 

Separate  Sewerage  Systems.  Separate  sewerage  systems  are  so-e-dIe,l 
because  a  single  system  is  used  to  carry  off  “sanitary”  wa-stes  and  anotlier 

often  terminate  at  a  sewage-treatment  works 

* . .  ™  "" 

tieated  at  a  sewage  treatment  nhint  if  i  ■  n  ^  f'OMage  is 

entire  increased  flow  directly  int'o  die  ik:' .'m/ wa, 
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heavy  rain  or  times  of  higii  storm  water  flows.  This  is  known  as  the  “dis¬ 
posal  of  storm  water  wastes”. 

With  the  use  of  a  combined  system  the  disposal  of  storm  water  run-off 
recjuires  extra  pumps,  larger  interceptor  and  outfall  sewers,  and  greater 
facilities  at  the  treatment  works  with  consequent  increased  construction 
and  operating  costs.  Only  the  unusual  storm  should  be  considered  as  of 
sufficient  intensity  to  justify  by-passing  the  sewage  around  the  treatment 
plant  even  when  the  discharge  of  the  sewer  goes  into  a  large  body  of  water. 
It  should  be  assumed,  however,  that  by-passing  will  occur  whenever  sew¬ 
age  flows  are  increased  markedly.  Over  a  period  of  years  the  separate  sys¬ 
tem  is  more  economical  than  the  combined,  particularly  when  treatment 
works  are  included. 


Composition  of  Sewage 

Urban  sewage  is  the  liquid  wastes  of  a  community  containing  domestic 
sewage,  industrial  wastes,  ground  water  and,  in  combined  systems,  surface 

or  storm  water. 

Keefer“  has  shown  that: 

“Municipal  sewage  contains  mineral,  animal,  and  vegetable  matter  in  sus¬ 
pension  and  solution  together  with  a  large  number  of  bacteria  The 
suspension  consist  of  paper,  pieces  of  food,  grease,  fecal  matter,  match  sticks, 
etc  Fresh  sewage  has  a  musty  odor,  which  is  not  especially  offensive.  However, 
within  a  few  hours  decomposition  begins  and  objectionable  odors  are  produc  . 
;Le  oLemration  of  au.bnded  and  =H-°'ved  materia, s  a 
<,uite  small,  amounting  to  less  than  1  percent.  About  one-halt  of  tins  maternal 

is  of  mineral  origin  and  is  inoffensive.” 

The  suspended  solids  in  sewage  consist  of  finely  divided  materials  from 
ki^cherToiLs  ami  bathrooms,  street  washings  an,  mdustr.a  waste. 
The  substances  in  solution  consist  of  all  the  chemicals  originally  m  the 
laL  pk  all  those  ad.led  through  the  sewage.  Water-borne  imlustna 

s;'r = "C  S  r'z: 

stale,  after  having  stooil  f«r  some  lo  ■  .lissolved  oxygen 

nnfl  reduced  oxygen  content,  and  sept  , 

has  been  use,l  up  with  resullant  ""f ‘^^Xe  vary  wi.lcly  at 

Tke  cliemi,.al  ami  physkutl  the  domestic 

;!abk:'of’:lr;u:S,'l3"  -.1  km,l  m  industrial  wastes  .hs- 

charged  into  the  sewers. 
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The  B.O.D.  (biochemical  oxygen  demand)  of  sewage  is  used  as  a  measure¬ 
ment  of  its  strengtli.  It  is  the  ciiiantity  of  oxygen  required  in  a  given  time 
and  at  a  given  temperature  to  satisfy  the  combined  biological  and  chemical 
oxidation  demands  of  the  sewage.  In  natural  decomposition  the  oxygen  is 
obtained  from  the  breakdown  of  chemical  compounds  dissolved  in  the 
sewage,  from  the  oxygen  dissolved  in  it,  and  from  plant  respiration.  The 
standard  incubation  period  for  the  laboratory  determination  of  B.O.D.  is 
5  days  at  20°  C.  The  results  of  this  determination  show  68  percent  of 
the  total  ultimate  oxygen  demand.  To  date  it  is  the  best  test  that  has  been 
developed  for  determining  the  strength  of  sewage.  The  suspended  solids 
are  those  components  of  sewage  that  settle  out  of  the  liquid.  They  are  the 
basis  lor  calculating  the  velocity  needed  in  pipes  to  prevent  silting;  the 
amount  of  sludge  to  be  removed;  and  the  size  of  the  various  parts  of  the 
treatment  works. 


Principles  of  Treatment 

Seuage  treatment  works  are  classified  as  either  primary  or  complete 
treatment  units  depending  upon  the  degree  of  purification  given.  Fine 
scmening  and  plain  sedimentation  tanks  provide  primary  treatment  while 
trickling  filters,  bio-filters,  and  activated  sludge  plants  gi\'e  complete  treat¬ 
ment.  Primary  treatment  removes  the  suspended  matter.  Complete  treat¬ 
ment  removes  the  suspended  particles,  and  colloidal  and  dissolved  matter 
in  addition.  The  extent  of  treatment  is  usually  measured  by  the  B.O.D. 
and  suspended  solids  removed. 

The  final  method  of  treatment  is  based  upon  the  circumstances  peculiar 
to  each  situation.  If  treated  sewage  is  to  be  discharged  into  a  small  water 
couise  a  high  degree  of  treatment  is  necessary.  On  the  other  hand,  it  the 
effluent  from  the  treatment  plant  is  to  discharged  into  a  large  body  of 

sh  "at®!-  supplies,  bathing  beaches  mnl 

ctn  betseT"^  “  ‘e®  thorough  method  of  treatment 

1  reatment  may  consist  of  one  of  several  different  operations  rir 

;t^re::i”  TheCro^iz 

Dilution 

Screening 

Sedimentation 

Biological  treatment 
a.  Treatment  in  sand  or  gravel  beds. 

c.  Anaerobic  heconiTosTtioiToTlVlD^r;^^^^^^^^  activated  solids. 

Chemical  precipitation  ^  o'age  tanks. 

Application  to  land 

Disinfection  with  chlorine 
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Combinations  of  some  of  these  steps  or  operations  in  treatment  are  found 


in  common  types  of  treatment  units.  The 
sedimentation  and  anaerobic  stabilization  or 


Imhoff  Tank  combines 
“digestion”.  The  septic 


both 

tank 


of  the  private  home  combines  the  same  principles.  The  modern  plant  with 
complete  treatment  might  include  screening,  sedimentation,  digestion  of 
the  settled  material  in  separate  compartments,  biological  treatment  through 


beds  of  crushed  rock  of  the  liquids  drawn  off  the  sedimentation  tanks,  and 


finally  dilution.  Prior  to  dilution,  chlorine  disinfection  may  be  used.  The 
methods  used  and  their  combination  can  be  determined  only  through  study 
by  trained  engineers  of  the  peculiarities  of  the  sewage,  the  reasons  for 
treatment,  the  quality  of  effluent  desired,  and  the  economic  limitations  of 
a  specific  situation. 


Disposal  by  Dilution 

The  sewage  from  many  communities  is  discharged  into  lakes,  rivers,  and 
other  bodies  of  water  without  treatment.  This  is  probably  the  oldest  and 
still  most  widely  used  method  of  disposal.  Certain  physical,  chemical  and 
biological  processes  are  responsible  for  the  purification  obtained  by  dilution. 
In  addition,  the  mere  act  of  dilution  will  eliminate  many  of  the  common 
objectionable  characteristics  of  sewage. 

Some  of  the  heavier  sewage  solids  settle  out.  Their  concentration  also 
becomes  less  as  they  disperse  into  the  diluting  water.  The  dissolved  oxygen 
of  the  water  is  responsible  for  the  stabilization  of  the  organic  materials  liy 
biochemical  means.  Many  types  of  plant  and  animal  life  contribute  to  the 
purification  process.  Algae  ingest  simple  chemical  compounds,  and  give 
off  oxygen,  which  prevents  the  formation  of  putrefactive  conditions.  A 
variety  of  aquatic  animal  life  consumes  organic  substances  and  bacteria. 


A  sufficient  supply  of  dissolved  oxygen  in  the  water  at  all  times  is  es¬ 
sential  to  support  fish  life  and  to  prevent  nuisances.  This  requirement  is 
especially  true  in  summer,  when  water  retains  only  from  alwut  55  to  65 
percent  as  much  oxygen  as  in  winter.  Some  authorities  recommend  that 
the  amount  of  dissolved  oxygen  in  the  diluting  water  should  not  fall  below 
oO  percent  of  saturation.  Ordinarily  when  there  is  a  flow  of  water  from  5 
to  i  cubic  feet  per  second  for  each  thousand  persons  served  bv  the  sewage 
system  discharging  into  the  water  course,  offensive  conditions  will  not 
resvdt.  In  ,.ase  the  sewage  is  t,eate,l  print  t„  <liluti„n,  as  in  sedimentation 
tanks  consnieialtly  less  diluting  water  is  recniired.  Converselv,  if  the  IkkIv 
0  water  ,s  alreal  y  p.artially  loaded  witll  nnstahilized  sewage,  it  will  he 
able  to  aec,.mm«late  a  proportionately  smaller  sewage  load  without  the 
development  of  niiisanees  and  |)ul)lie  health  hazards. 


^  omhtions  in  New  York  Harbor 

Dihltion  after  sereening  of  sewage  in  the  waters  of  New  York  harbor 
een  the  normal  methoil  of  setvage  disposal  for  the  communities 
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adjacent  to  the  lower  Hudson  River.  A  series  of  discharge  outlets  is  situated 
in  the  Hudson  and  East  Rivers  above  Governors  Island,  in  Kill  van  Kull, 
and  in  Upper  Bay.  This  volume  of  waste  is  equivalent  to  about  one-half  of 
the  dry  weather  run-off.*^  Pollution  of  the  Hudson  begins  at  Troy,  N.  Y., 
and  continues  to  the  mouth  in  New  York  harbor.  The  major  pollution  load 
is  discharged  in  the  lower  50  miles  of  the  river  from  the  urban  New  York 
and  New  Jersey  populations  and  industries.  With  low  river  flow  the 
dissolved  oxygen  concentration  varies  from  45  percent  saturation  below 
Albany,  N.  Y.,  to  a  high  of  80  percent  in  the  shallow  Tappan  Zee  area, 
with  subsequent  severe  reduction  almost  to  depletion  just  above  the  Upper 
Bay.  The  contributing  population  is  nearly  11  million,  discharging  about 
1500  million  gallons  per  day  of  sewage.  About  70  percent  of  this  sewage  is 
from  New  York  City.  The  Passaic  Valley  trunk  sewer,  serving  22  com¬ 
munities  in  New  Jersey,  was  placed  in  service  in  1924.  This  sewer  dis¬ 
charges  through  multiple  outlets,  25  feet  deep,  in  the  L  pper  Bay  near 
Robbins  Reef  Light.  Other  sewage  discharging  into  the  harbor  includes 
effluents  from  the  South  V^onkers  screening  plant,  placed  in  service  in 


1930;  the  Perth  Amboy  (1935),  and  the  Elizabeth  Joint  Meeting  works 
(1930).  These  projects  have  corrected  the  obviously  offensive  conditions  in 
the  river  but  have  increased  the  total  pollutional  load  in  the  harbor. 

To  alleviate  pollutional  conditions  that  cannot  be  assimilated  by  these 
waters  and  adequately  protect  the  large  ocean  beaches,  an  extensive 
sewage  disposal  program  is  in  progress  for  New  York  City.  Thirteen  treat¬ 
ment  works  are  now  in  operation  treating  410  million  gallons  per  day  or  30 
percent  of  the  sewage  discharged.  They  are  listed  in  Table  12.  Y  hen 
completed  the  program  will  comprise  treatment  for  1453  million  gallons  of 

sewage  per  dav  in  1  /  plants. 

The  sewage^reatment  plant  building  program  in  New  York  City  is  part 
of  the  overall  improvement  plan  of  the  Inte, -state  Sanitation  Commission, 
a  body  composed  of  representatives  from  New  Jersey,  New  ^o'k,  an 
Connectient,  to  eliminate  pollution  in  greater  New  \  ork  harbor.  Theiimei 

harbor  water  is  now  classified  as  heinR  unfit  for  ^  ^  ™  ^ 

ment  under  present  agreements  must  remove  at  least  10  peuent 
suspended  so  ids  and  the  dissolved  oxygen  content  of  the  receiving  «a  em 
:,!t  not  f-dl  below  .JO  percent  of  saturation.  The  outer  harbor  watei  is 
I'  h^l  Iffii trr'reaL  and  shell-fish  propagation.  Treatment  mus 

mmove  t«.  percent  of  the  solhls  and 

coliform  density  m  these  waters  at  oi  less  tnan  pn 
cent  of  the  samples  tested.® 


Chicaqo  Drainage  Canal 

is  another  classical  example  of  the  use  of 
.li^r  .Vior  to  11, ,K.  sewage  frmn  this  city 
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was  discharged  into  the  Chicago  River  which  flowed  into  Lake  Michigan. 
In  1899  pumps  and  a  canal  were  installed  to  pass  this  grossly  polluted  water 
into  the  Des  Plaines  River,  flowing  to  the  southwest.  This  system  became 
inadequate,  and  a  direct  connection,  known  as  the  Chicago  Drainage 
Canal,  was  made  in  1900.  The  flow  of  the  Canal  was  from  the  Chicago 
River  to  the  Des  Plaines  River,  thus  reversing  the  flow  of  the  Chicago 
River. 

This  new  canal  was  designed  to  carry  10,000  cul)ic  feet  per  second  of 
flow.  As  shown  liy  the  map  in  Figure  50  the  Des  Plaines  River  discharges 


TABLE  12 


Installed  Sewage  Treatment  Plants  at  New  York,  N.  1'.  and  Chicago,  III. 


Location 

Initial 

Operation 

Capacity 

M.G.D. 

Type  treatment 

New  York 

Wards  Island 

1937 

180 

Activated  sludge 

Tallmans  Island 

1939 

40 

Activated  sludge 

Coney  Island 

1935 

70 

Primary  sedimentation — Chemical 

precipitation 

Bowery  Bay 

1939 

40 

Activated  sludge 

City  Island 

1942 

1.5 

Primary  sedimentation 

Jamaica 

1903 

65 

Activated  sludge 

Twenty  Si.xth  Ward 

1897 

60 

Primary  sedimentation 

Chicago 

Morton  Grove 

1914 

0.2 

Imhoff  and  trickling  filter 

Glenview 

1924 

0.2 

Imhoff  and  trickling  filter 

Northbrook 

1925 

0.2 

Imhoff  and  trickling  filter 

North  Side 

1928 

250 

Activated  sludge 

West  Side 

1930 

472 

Imhoff  tanks 

Calumet 

1935 

136 

Activated  sludge 

Southwest 

1939 

400 

Activated  sludge 

into  the  Illinois  River  below  Joliet,  Ill.  At  Grafton,  III.,  the  Illinois  River 
discharges  into  the  Mississippi.  A  short  distance  below  the  mouth  of  the 
Iflinois  River  the  Mississippi  River  is  used  as  a  source  of  water  supply  for 
the  city  of  St.  Louis.  The  Canal  was  put  into  service  on  January  17  1900. 
St.  Louis  instituted  proceedings  in  the  Supreme  Court  of  the  United  States 
agamst  the  State  of  Illinois  and  the  Sanitary  District  of  Chicago  to  proliilrii 
utilization  of  the  canal  for  sewage  purposes.  The  evidence  submitted  in  the 
case  proved  most  conclusively  that  if  and  when  it  is  possil.le  for  excessive 

z::  !:iirtir:::i:‘  ^  «-‘ation  of 

Several  legal  actions  brought  against  Chicago  for  use  of  the  Canal  for 
sewage  disposal  and  lor  diversion  of  Lake  Michigan  resulted  in  regulations 
outlining  permissible  u.se  of  the  Canal  and  diversion  of  lake  watef  to  uZ 
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cu.  ft.  see.  which  will  jR-ovide  adcciuatc  dilution  of  the  sewaf>;e  treatment 
j)lant  effluents.'^  In  conformity  with  these  re}>;ulations  sewage  treatment 
plants  have  been  built  as  shown  in  Table  12. 

Use  of  Screens 

Screens  are  widely  used  as  a  preliminary  step  in  the  treatment  of  sewage. 
Screens  can  be  grouped  into  two  classifications,  coarse  and  fine.  Coar.se 


8T.  LOUIS  W  ,  • 

K,..  Map  of  the  Chicago  Drainaso  Canal  a.ul  Illinois  Hive, ■.  (“Sewage  Dis¬ 
posal”,  Kinnicut,  Winslow  an.l  Hratt,  2ml  e,l.,  p.  48,  John  Wiley  Sons,  101.1.) 

seiwns  Cl-  “racks"  as  tliev  arc  ealleil,  l.ave  clear  cponinRs  varying  Iron, 

about  one-half  to  3  inches.  The  function  of  racks  ,s 

floating  objects  such  as  rags,  itieces  ol  woixl.  an,l  stmilai  matoiiak, 

pcevent  clogging  of  pumps  and  pipe  lines, 

n  .service.  The  simplest,  which  are  cleanetl  hy  haml,  tonsst  ol 

llol  steel  bofs  set  in  a  sewage  channel  at  an  angle  ,>l  Iron,  .10  to  htl 
ir'ltnalrttUrVhe  scmJhows  between  the  bars  'vhHt  re«^^^ 

:s:;rrnrr;  t  ::o::t:::  m  k..chefs  o..  sim.lar  container  for 

types  of  mecha«icallv-cleane,l  racks  have  been  installetl  in  the 
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United  States,  ddie  usual  meehanieally-cleaiied  rack  eoiisisls  ol  parallel 
steel  bars,  which  are  cleaned  by  a  rake.  The  rake  is  moved  upward  auto¬ 
matically  by  means  of  steel  cables  or  endless  chains,  dragging  the  scieenings 
along  the  upstream  surface  of  the  Imrs  to  the  top  of  the  screen  where  the 
debris  is  dumped  into  receptacles.  Hacks  of  this  type  are  operated  by 
electric  motors  and  can  be  kept  in  either  continuous  or  intermittent  service 
by  means  of  an  electric  timing  device. 


Fig.  51.  Mechanically  cleaned  bar  screens,  Appleton,  Wis.  (Courtesy,  Link- 
Belt  Co.) 


Ihe  quantity  of  material  retained  by  racks  varies  from  about  1  to  G 
cubic  feet  per  million  gallons  of  sewage.  Mechanicallv  cleaned  racks  re¬ 
move  a  greater  iiuantity  of  material  than  those  cleaned'  manually  since  the 
mechanical  cleaner  reaches  to  the  bottom  of  the  screens— not  a  consistent 
practice  on  the  part  of  laborers  cleaning  the  racks  manually 

Fine  screens  are  sometimes  the  only  mechanical  devi'ce  used  in  the 
tieatment  given  sewage,  or  they  may  be  installed  to  reduce  the  load  on 
su  >sc,iuent  treatment  units.  Many  types  uf  line  sercems  have  I, eon  used  in 
this  country  and  Europe.  Of  the  Hnst  installations  in  Aineiiea  one  was  at 

that  then  os';  .‘'ri'f'"''  Experience  has  inditiath' 

rom  abmd  'U™',''  *«"  i»<'l'e.s  lonR,  varying  in  widtl, 

„  to  s  nicli.  line  screens  arc  usually  shapeil  like  a  disk  or 
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drum.  As  the  scroen,  which  is  partially  submerged  in  the  sewage  rotates, 
the  entrapjied  screenings  are  raised  out  of  the  sewage  and  are  wiped  off 
by  movable  brushes  into  suitable  containers. 

In  contrast  to  mechanically  cleaned  coarse  screens,  which  may  be 
cleaned  intermittently,  tine  screens  are  cleaned  continuously  during  opera¬ 
tion.  The  quantity  of  material  removed  by  fine  screens  depends  upon  the 
character  of  the  sewage.  The  amount  varies  from  about  10  to  30  cubic  feet 
per  million  gallons  of  sewage. 


CoMMINCTORS  AND  SlIREDDERS 

Since  screenings  present  difficulties  in  disposal,  some  jilants  use  com- 
minutors  to  chop  up  much  of  the  material  that  would  be  retained  on  screens. 
C'omminuted  particles  are  removed  and  treated  with  the  suspended  solids. 
The  comminutor  is  a  slotted  drum,  motor  driven,  which  rotates  vertically 
in  the  incoming  sewage  channel.  The  drum  carries  small  projections  which, 
upon  rotation,  cut  coarse  material  into  small  particles  that  pass  through 
the  slots  with  the  rest  of  the  sewage.  These  devices  are  used  extensively 
at  small  plants.  Shredders  are  used  at  large  plants. 


Disposal  of  Screenings 

Screenings  are  putrefactive  and  offensive.  Rapid  disposal  is  essential. 
Passage  through  comminutors  or  shredders  is  the  most  practical  method 

of  disposal.  Other  methods  are: 

Burial  in  separate  pits  or  with  refuse  in  a  sanitary  fill. 
Dewatering  and  incinerating  separately  or  with  refuse. 

Burial  is  the  most  common  method  used  at  small  plants  for  the  disposal 
of  s(*reenings.  At  least  2  feet  of  earth  cover  must  be  used.  If  a  sanitary  fil 
site  is  reasonably  close  to  the  treatment  works,  burial  with  refuse  is  gooc 

Limbed  (luantities  of  wet  screenings  may  be  burned  in  refuse  incinera¬ 
tors  provided  the  volume  introduced  does  not  smother  the  fire.  At  some 
.’tint  wo.k«  sc..cening,s  arc  dcwatcecl  by  “oide.-  presses  and  hen 
,  ™.d.  ln.-ineration  may  be  in  eonjunction  w,tb  the  me.nerat.on  o 
mmdeipal  refuse  garl,ase,  or  in  a  separate  unit  for  the  hnal  d.sposal  of 
sludsc.  I'nits  may  1)C  lulilt  specifically  lor  the  l.uming  of  scieemngs. 

(lllIT  Ch.\mbers 

-^tie  normal  fltnv  is  at  a  velocity  of  1  foot  per  second, 
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with  a  detention  period  of  1  minute.  Easily  settleahle  suspended  matter, 
such  as  sand,  gravel,  and  ashes,  which  might  clog  pipe  lines  and  be  difficult 
to  remove  from  the  settling  tanks,  are  caught  in  the  grit  chambers.  Ihese 
chambers  are  always  provided  in  plants  treating  the  sewage  collected 
through  a  combined  S3'stem  of  sewers. 

Specially  designed  outlets  or  weirs  are  provided  to  maintain  the  desired 
velocity  of  not  over  1  foot  per  second  through  a  wifle  ^’al•iation  in  volume 
of  the  sewage  flow.  At  least  two  chambers  are  necessary  so  that  one  can  l)e 
kept  in  service  even  though  another  may  be  inactive  for  cleaning  or  repair. 

Grit  chambers  in  small  plants  are  cleaned  by  manual  laboi-.  Wdien 
cleaning  is  necessary  the  chamber  is  b^'-passed  in  the  sewage  treatment 
and  the  collected  grit  is  allowed  to  drain.  The  accumulated  material  is 
then  shovelled  out  in  wheel  barrows  or  carts.  Many  large  plants  use  mech¬ 
anical  cleaning.  Under  these  conditions  scrapers,  moving  continuously  and 
at  a  slow  rate  of  speed,  carry  the  settled  grit  to  a  collection  trough  or 
sump.  Mechanical  means  are  used  to  collect  the  gi'it  from  tlie  troughs  or 
sumps  and  load  it  into  cars  or  other  suitable  receptacles.  If  mechanical 
cleaning  is  used,  the  grit  chamber  does  not  necessarily  have  to  be  taken 
out  of  operation. 


Disposal  of  Gkit 

The  quantity  of  grit  generally  varies  from  2  to  3  cubic  feet  pin-  million 
gallons.  Grit  frequently  is  not  offensive  and  can  be  used  for  making  roads 
and  paths  or  for  filling  in  low  ground.  If  the  gift  contains  an  appreciable 
quantity  of  decompo.sable  material,  it  should  be  buried. 


Hampton  Tanks 

Separation  of  the  digesting  sludge  from  the  settling  solids  in  a  compart- 
rnented  tank,  so  arranged  that  the  sludge  settled  from  the  flow  chamber 
through  special  openings  into  the  digestion  chamber  beneath  it,  originated 
at  the  Lawrence  Experiment  Station.  The  first  practical  application  of  this 
principle  was  developed  by  Travis  at  Hampton,  England,  about  1908  and 
lecame  known,  curiously  enough,  not  l.y  the  luime  of  the  inventor,  l.iit  hy 

he  name  of  the  town  in  which  it  wa-s  installed,  namely  the  Ham„to„  Ta.ik. 
It  IS  also  called  the  I  ravis  hydrolytic  tank 

the'h!dtom'r  rV"'  »'■  -"-age  musses  through 

the  bottom  oi  sludge  compartment  for  the  purpose  of  re-seedim.  the  di 

nesting  slu.lge  with  hai-teria  from  the  fresh  sewage  and  for  washh,,.  away 

critic,,?  Tl‘‘"r-  tmaerohie  cie- 

aZa  l  ,  1  ‘■"'"Ihtrlments  gave  an  op,,oriunitv  for 

.  a,  lohic  haetenal  action  in  a  ehamher  .separate  from  that  of  tlie.sedimen  a 


184 


THE  PRACTICE  OF  SANITATION 


tion  compartment.  A  feature  of  the  sedimentation  chamtier  was  a  series  of 
parallel  slats  or  plates  hims  in  the  chamber  to  serve  as  “contact  colloiders” 
to  precipitate  the  finely  divided  colloidal  material  in  the  sewage. 

The  tank  performed  satisfactorily  but  was  supplanted  by  a  better  design 
in  the  Imhoff  Tank. 


Imhoff  Tanks 

Imhoff  tanks  were  invented  by  Karl  Imhoff,  who  first  used  them  in  the 
Essen  District  in  Clermany  in  1907.  They  are  a  combination  of  sedimenta¬ 
tion  chamber  and  digestion  compartment.  As  indicated  in  Figure  52,  an 
Imhoff  tank  consists  of  two  chambers,  one  above  the  other.  They  may  be 
circular,  square,  or  rectangular,  with  depths  between  15  and  35  feet.  The 
sewage  flows  through  the  upper  chamber  at  such  a  low  velocity  that  the 
settleable  solids  fall  to  the  bottom  of  the  sedimentation  chamber,  then 
slide  through  the  open  slot  at  the  bottom  into  the  lower  portion  of  the  tank, 
called  the  digestion  chamber.  The  average  detention  period  of  the  sewage 
as  it  flows  through  the  top  chamber  is  about  2  hours. 

The  solids  accumulate  in  the  bottom  chamber  in  the  form  of  a  liquid 
mass  called  sludge,  which  contains  from  about  85  to  95  percent  of  water 
by  weight.  About  bO  percent  of  the  dried  solids  are  organic  compounds. 
Newly  deposited  sludge  is  gray  or  light  brown  in  color,  and  is  said  to  be 
raw  or  undigested.  The  material  then  has  an  offensive  odor.  Lnder  proper 
biochemical  conditions  the  sludge  decomposes  within  30  or  40  (  ays,  and 
the  organic  compounds  arc  reduced  so  that  the  amount  in  the  dry  solids 

varies  from  about  40  to  55  percent.  ,  •  i  •  •  4-  i- , 

During  the  digestion  process  gases  are  produced,  iic  i  use  in  s  ac  s 

or  gas  vents  and  escape  into  the  atmosphere.  At  tlie  same  time  some  oi  le 
solhls  are  frequently  lifted  hy  the  gas  and  form  a  layer  of  scum  at 
surface  The  tank  is  designed  so  that  under  normal  operating  conditions  a 
deflectcir  at  the  top  of  the  sludge  compartment 

enterina  the  settling  chamber.  In  the  operation  ot  the  tank,  sludge  snoiii 
„e  e  he  trmUted  to  accumulate  to  such  a  depth  that  it  gets  above  the 
deflector;  otherwise  it  will  enter  the  settling  compartment  and  produce  a 

'’Tim  dige"*tion  chamhcr  should  he  large  enough  to  store 
winter  wL.  decomposition  practically  ceases  and  - 

do  not  usually  permit  the  charac- 

T*of  ShT'rem™  vod  from  11,;  sewage  and  also  upon  the  temperature 

in  the  compartment.  removed  under 

'l-he  normal  desig  ,  ’  j  dewatered  on  sand  beds, 

hydrostatic  pressure  thiougii  a  (uav  u  >  i 
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As  a  greater  percentage  of  solids  settles  near  the  inlet  end  of  a  tank,  and 
as  it  is  desirable  to  have  the  sludge  distributed  as  uniformly  as  possible 
in  all  parts  of  the  digestion  chamber,  rectangular  Imhoff  tanks  are  often 
designed  so  that  the  direction  of  flow  can  be  reversed.  Under  these  con¬ 
ditions  the  outlets  of  the  tank  become  the  inlets,  and  vice  versa. 


anJSsSaSo"'  R'O-rdt 

Initial  operation  of  an  Iml.off  tank  should  he  in  the  summer  when  the 
temperature  ,s  h.gh  enough  to  promote  rapid  sludge  digestion  A  ^ 
amount  of  digested  sludge  is  used  to  .  T  ^  ^^^11 

bacterial  flora  for  best  de™m;os:tL 

Scum  and  floating  materials  should  l)e  removed  dailv 
compartments.  The  sloping  sides  of  fh.L  T  [  ‘  ^ 

rt:'  r'lt 

should  never  he  .lepleted  of  diges;:rmai;- ru'eleUr't^^^Hh*^^ 
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small  quantities  of  sludge  at  frequent  intervals  than  a  large  amount  in¬ 
frequently.  Only  digested  material  should  be  removed  from  the  tanks. 
Sufficient  sludge  must  be  removed  at  the  end  of  warm  weather  to  leave 
storage  capacity  over  the  winter.  One  difficulty  with  the  operation  of 
Imhoff  tanks  is  their  tendency  to  “foam”.  At  such  times  a  heavy  viscous 
froth  collects  in  the  gas  vents  and  rises  to  such  a  height  that  it  often  boils 
over  into  the  settling  compartment  and  sometimes  passes  off  with  the 
effluent.  Foaming  fretiuently  occurs  in  the  spring  when  there  is  a  large 
accumulation  of  undigested  sludge  in  the  digestion  chamber.  As  the  tem¬ 
perature  in  the  digestion  chamber  rises,  digestion  of  the  accumulated 
sludge  proceeds  at  such  a  rapid  rate  that  an  abnormally  large  (juantity  of 
gas  is  produced,  d’he  sludge  may  become  too  acid,  also;  this  too  leads  to 

foaming. 

Sludge  digestion  in  Imhoff  tanks  and  suljsequent  drying  are  based  upon 

the  principles  discussed  on  page  204  and  208. 

Imhoff  tanks  are  used  for  populations  between  oOO  and  10,000.  They  are 

economical  units  tor  small  communities. 


Prim.\ry  Sediment.^tion 

The  object  of  piimary  sedimentation  as  applied  in  sewage  tieatmeut  is 
to  remove  tlie  suspended  solids  liy  simple  sedimentation.  The  concentration 
of  settled  material  that  collects  in  tlie  bottoms  of  the  sedimentation  tanks 
is  called  “sludge”.  When  adequate  diluting  water  is^available.  ^ 

from  primary  sedimentafion  tanks  may  liaye  a  siifhciently  lo«  1!.<  .  . 

permit  disposal  of  the  efth.ent  without  further  treatment. 

The  conventional  sedimentation  tank  is  rectangular  or  circiilai.  1  he 

velocity  of  flow  through  ho,  izon^^^^^ 

IhauThrldliiihnrtatrorsiispeiKleil  pariicles,  alioiit  0^2  feet  per  minutm 
len  h  rio  feet  is  commonly  used  in  the  rectangular  lionzmital  fl  m 
;  U  In  these  the  sewage  enters  at  one  end  of  the  tank,  flows  longitudinal  ,t 
,:,tgh  iJtnd  discharges  a,  the  opposite  end.  These  basins  are  similar  to 

„  ',He  emiieiif.  If  no  further  tre^ent  is  require,  o,  7^, 

are  installeil.  a  iletention  ,,„e  an.l  one-half  houi-s  is 

"Tw  T.n:'d«r'X::  thrS^^^  is  i.-eated  by  the  activatcd-sludgc 
two  units  am  — I  m"  “ 
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(lesion  to  give  efficient  subsidence,  the  ([uantity  of  sludge  depositenl  is  in 
direct  ratio  to  the  concentration  of  suspended  solids  in  the  sewage.  It 
averages  about  4800  gallons  pei‘  million  gallons  of  sewage  for  separate 
systems  and  3500  gallons  foi‘  combined  systems.  The  water  content  of  the 
sludge  is  about  95  percent. 


Manitallij  Cleaned  Tanks 


The  small  and  older  sedimentation  tanks  ai’e  usually  emptied  of  sludge 
by  manual  operation.  Tlie  tanks  must  be  taken  out  of  service  and  the  clear 
supernatent  liquid  di’ained  off.  The  sludge  is  removed  through  a  special 
sluice  gate  in  the  bottom  of  the  tank,  or  by  laborers  squeegeeing  or  flushing 
it  to  a  sump  from  which  it  is  pumped  to  the  digestion  tanks.  Some  tanks, 
instead  of  flat  bottoms,  haA'e  hoppered  bottoms  or  V-shaped  extensions 
below  the  usual  bottom  level.  In  hopper-bottomed  tanks  the  sludge  slides 
into  the  hoppers  and  is  drawn  off  by  hydrostatic  pressure  to  the  digestion 
tanks.  Sludge  should  be  remo\'ed  every  few  days  to  prevent  septic  action 
and  when  discharged  under  hydrostatic  pressure  at  least  daily. 


Mechanically  Cleaned  Tanks 

Se\'eral  makes  of  equipment  have  been  jierfected  for  cleaning  settling- 
tanks  without  interfering  with  their  operation.  In  the  horizontal-flow 
tanks  slowly  mox  ing  scrapers  or  |)lows,  diiven  by  electric  motoi-s,  are  used 
Ihese  move  the  sludge  along  the  bottom  of  the  tank  to  a  s.imp  or  pit  from 
winch  the  material  flows  under  hydrostatic  pressure  through  a  discharge 
pipe.  One  type  of  equipment  which  is  u.sed  in  the  rectangular  tanks  consists 

fliKhttt,  mounted  between  two 
ot  tiVtanr’Ar.t  'V  a  series  of  wheels  at  each  side 

tank  push  the  si  I  *''®*’*®  ‘'mgsing  on  the  bottom  of  the 

plows  are  set  at  an  angle  s  ’h  i 

moved  towards  the  center  ot  the  tank  ,7,"', '"'’"T''  ''“'f-"''’ 

hy  inimping  or  hydrostatic  ni-o  ir  '  ''  "I'ieh  it  is  remo\a>d 

Hows  in  at  one  side  a^  1X7^^ 

that  are  circular,  the  influent  enters  It'The’center  mid 'h  ''"  '  “"h 'h 

ward  over  an  overflow  weir  at  the  periphery  ’rb  «  ""*■ 

type  have  a  .slight  slope  towards  the  ceiter 


mslOE  length  of  tank 
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C'liEMicAL  Precipitation 


Chemical  precipitation  is  one  of  the  oldest  methods  of  sewage  treat¬ 
ment,  being  widely  used  in  England  between  1880  and  1890.  There  has 
been  a  limited  renewal  of  its  use  since  1930. 

The  method  consists  of  the  addition  to  the  sewage  of  a  suitable  chemical 
to  form  a  floe  similar  to  that  in  the  treatment  of  water  prior  to  filtration 
through  sand  beds.  Iron  salts  are  usually  used  as  a  coagulant,  although 
alum  may  be  used.  The  settling  floe  increases  the  removal  of  suspended 
particles  over  the  plain  sedimentation  process.  In  addition,  the  floe  will 
remov'e  much  of  the  colloidal  matter  present.  Chemical  precipitation  re¬ 
moves  from  80  to  90  percent  of  suspended  matter  and  bacteria,  and  50  to 
55  percent  of  organic  matter. 

When  chemical  precipitation  is  used,  passage  through  a  grit  chamber 
and  screens  or  a  comminutor  usually  precedes  the  chemical  treatment. 
Next,  the  chemicals  in  proper  amounts  are  added  in  a  tank  called  the 
flash  mixer.  The  detention  period  is  1  to  2  minutes.  The  next  step  is  a  20 
to  40  minute  period  in  a  flocculation  basin  where  the  floe  develops  fully 
and  is  kept  in  constant  agitation  with  the  sewage  through  the  use  of 
paddle  wheels  or  streams  of  air  rising  through  the  mixture.  After  the 
flocculation  period,  the  sewage  passes  into  a  sedimentation  chamber  where 
the  floe— with  the  suspended  solids,  colloidal  matter,  and  bacteria— settles 
out  and  is  withdrawn.  The  effluent  may  be  discharged  directly  or  given 
additional  treatment  by  chlorine  disinfection. 


A  chemical  precipitation  plant  usually  costs  only  a  little  more  to  con¬ 
struct  than  a  plain  sedimentation  plant.  The  cost  of  chemicals  is  the  chief 
operating  expense.  One  method  of  economy  followed  at  some  sewage  plants 
|S  to  ‘  -ronton, .e  the  use  of  chemicals  in  winter  when  the  .liluting  wate, 

Th  r  f  contains  considerably  more  oxygen 

The  clnef  objections  to  the  process  are  the  cost  of  chemicals  the  foms 
ton  of  odors  from  the  sludge,  and  the  large  amount  of  sludge  produced  A, 
decrease  the  cost  of  coagulants  and  a  better  knowledge  of  cX  dal 
chemistry  has  helped  to  offset  these  objections 

the  ■" 

-g:';™' for  :“*o,rting:  ri  f " 

the  amount  needed  '>^»t  chemical  and 

Inland.  N.  Y.  treatmen  Z^ave 

aveiaged  272  pounds  ot  copperas  (ferrous 
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sulphate),  131  pounds  of  chlorine  and  540  pounds  of  lime  per  million 
gallons.  The  Dearborn,  Mich.,  works  used  395  pounds  of  ferric  chloride 
and  250  pounds  of  lime  per  million  gallons. 

Intermittent  Sand  Filtr.vtion 

The  development  and  use  of  intermittent  sand  filters  for  the  purification 
of  sewage  dates  back  to  the  studies  of  Frankland®  in  England,  reported  in 
1870.  In  these  experiments  it  was  discovered  that  satisfactory  purification 
could  be  accomplished  at  certain  rates  of  flow  through  the  beds,  but  that 
a  resting  or  aeration  period  must  be  given  between  dosage  cycles  to  obtain 
good  results.  This  practice,  based  upon  biological  action,  is  utilized  in 
modern  installations. 

The  beds  consist  of  a  natural  or  an  artificial  layer  of  sand,  varying  in 
depth  from  30  to  48  inches,  with  underdrains  in  the  bottom  having  open 
joints.  As  a  rule,  two  or  more  hlters  are  provided.  With  this  arrangement 
at  least  one  unit  can  always  be  kept  in  service  when  it  is  necessary  to 
repair  or  rest  the  other.  A  low  bank  usually  surrounds  each  filter  to  prevent 
sewage  from  escaping. 

In  some  instances  raw  sewage  is  applied  directly  to  the  filters.  Moie 
frecmently,  however,  the  sewage  is  first  treated  in  preliminary  sedimentation 
tanks.  At  some  plants  the  pieliminary  treatment  consists  also  ot  contact 
beds,  trickling  filters,  or  activated-sludge  units.  The  sewage  is  applied  to 
the  filtei-s  once  or  twice  a  day  to  a  ilepth  ol  ahout  tiuee  oi-  lour  inches 
The  quantity  of  sewage  that  can  he  treated  depends  upon  its  strength  and 
the  treatment  given  previously.  Haw  sewage  can  usually  he  applied  at 
rates  ranging  from  ahout  40,000  to  75,000  gallons  per  acre  daily.  11  efh- 
cientlv  operated  sedimentation  tanks  precede  the  filters,  these  rates  may 
he  increased  50  to  100  percent.  Kates  as  high  as  300,00(1  to  400,000  ga  Ions 
per  acre  daily  may  he  used  when  the  sewage  is  first  oxidized  m  tiicklmg 
mters  or  hy  activateil-sludge  units.  The  grains  of  sand  in  these  heds  hecome 
coated  with  a  gelatinous  film,  which  is  fille.l  with  hactena.  1  his  indicates 
that  the  treatment  on  intermittent  filters  consists  of  a  straining  action, 
supplemented  with  oxidation  through  hiochemical  processes,  simila.  to 

when  a  high  grade  effluent  is  required. 

(’oNTACT  Beds 

g  1  1  nf  n  wafer  tight  tank,  filled  with  crushed  stone, 

gr^ -r 'It  tlo.;  material  varies  in  size  from  ahout  0.5  to 
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3  inches  with  a  depth  ranging  from  4  to  ()  feet.  Drains  with  open  joints 
are  provided  in  the  bottom  for  the  withdrawal  of  the  effluent.  The  sewage 
is  generally  hrst  treated  in  sedimentation  tanks  to  remove  the  major  portion 
of  the  suspended  material,  and  is  then  often  passed  through  two  or  three 
contact  beds  in  series. 

The  operation  of  contact  beds  falls  into  four  periods:  time  of  filling, 
time  of  contact,  time  of  emptying  and  time  of  resting  before  refilling.  The 
empty  bed  is  hlled  with  sewage  and  allowed  to  stand  for  an  hour  or  two. 
During  this  period  a  considerable  portion  of  the  suspended  and  colloidal 
materials  is  retained  on  the  stones.  Then  the  sewage  is  drained  off.  Air 
is  drawn  into  the  beds,  and  the  o.xidizing  effect  of  the  bacteria  is  continued 
with  a  reduction  of  organic  substances  into  stable  compounds.  The  number 
of  doses  of  sewage  that  can  be  applied  to  contact  beds  each  day  depends 
upon  the  strength  of  the  sewage  and  the  condition  of  the  beds.  Two  to 
three  applications  a  day  are  usually  possible  with  a  total  dosage  of  about 
b0(),000  gallons  an  acre  daily. 


As  the  effluent  from  these  beds  usually  contains  considerable  suspended 
solids,  final  settling  tanks  should  be  provided  to  remove  as  much  of  this 
material  as  possible.  Well  operated  beds  should  remo\'e  from  85  to  90  per 
cent  of  the  suspended  solids  and  fiom  60  to  80  percent  of  the  biochemical 
oyvgen  demand.  Contaid  beds  ai-e  generally  used  at  small  plants.  The 
e  uent  produced  is  not  so  good  as  that  from  trickling  filters.  One  dis- 
ad™tage  with  contact  beds  is  the  necessity  of  cleaning  them  every  four 
or  hve  .vears  This  form  of  purification,  however,  produces  fewer' odors 
than  do  trickling  hlters.  They  are  not  used  extensively  now. 


1  RICKLING  FILTERS 

Tl.e  p,ima,y  function  of  a  tcicklinR  filter  i.,  the  re.luction  of  tl.e  oxygen 

he'  “  ""  «■>  opportunity  for  the  oxhktb 

ol  the  putreschle  material  in  the  sewage  hv  l.iological  processes  I  Z 

capable  ol  assimilating  wide  fliictiiatioiis  in  dosage  and  c  imposition  •iiid 

r.'  critdt‘i''‘‘'‘"''’'r  '''.i'knnrHit 

Tl,;  ile,"  omntnr'of'  "m'’''''"  "oatment. 

ut\eiopment  ot  trickling  h  ters  bec-m  iLex  • 

tlie  Lawrence  Experiment  Station  in  8.|4 i  .“‘«‘.»>vestigation»  of 
I'niteil  States  was  at.  Madi  W  *  ^  "''‘‘“"•‘'ion  in  the 

cvorksiii  ,908  proved  the\;; 'm^v  "fi  i 
A  trickling  filter  consists  r.f  .,‘  wri  ,  ““V 
similar  material,  laid  on  perforated  (hicts  ti  *  t  ’ 
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fixed  nozzles  in  the  filter  bed  or  from  long  perforated  metal  arms  that 
rotate  horizontally  a  few  inches  above  the  surface  of  the  bed.  Either 
method  results  in  an  intermittent  dosing  cycle  which  permits  alternate 
dosing  and  resting  periods.  The  dosing  period  is  iisnally  regulated  auto¬ 
matically.  The  licpiid  passes  slowly  over  the  surface  of  the  stone  in  thin 
films,  enters  the  underdrains  at  the  bottom,  and  flows  into  an  effluent  pipe. 

The  sewage  .should  be  treated  in  sedimentation  tanks  before  being  applied 
to  trickling  filters,  in  order  to  remove  most  of  the  suspended  solids;  other¬ 
wise  the  distribution  system  and  the  filter  stone  will  become  clogged.  A 


-.0  55  Trickling  filters,  Back  River  Sewage  Treatment  Works,  Baltimore  Md. 

al  sedimentation  tank  must  follow  the  filter  to  collect  the  humus  material 
at  will  slough  off  the  filter  media. 


Action  of  Trickling  Filters 

Whenatriekh,,.H.teris«rst.^^^^^^ 

in  the  charactei  of  the  e  ue  .  ]>acteria,  protozoa,  algae, 

with  biological  life,  mcludmg  ma  y  W  f^iological 

larvae  of  flies,  worms  and  ::.,l!:L^„,atter  in  the  sewage 

conglomeration  obtains  its  o(  colloidal  and  dissolved  materials 

,,Uo  m  metabolism,  <;o-;erts  ^.en  ^  ,  ;  priKluets 
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tion  of  sewage  permits  good  circulation  ot  air  through  the  bed,  thus  en¬ 
couraging  the  growth  of  aerobic  organisms.® 

During  cold  winter  months  the  biological  action  in  the  filter  will  be 
appreciably  retarded.  This  reduction  in  efficiency  is  generally  compensated 
for  by  the  fact  that  the  final  diluting  water  may  be  greater  in  \’olume  and 
contain  more  dissolved  oxygen  at  this  period  than  in  the  summei  when 
the  filter  efficiency  is  high. 


Pig.  56.  Trickling  filter  with  rotary  distributor.  (Courtesy,  The  Dorr  Co.  Inc.' 


Fixed  nozzles  and  rotating  sprayers  are  commonly  used  to  apply  sewage 
to  the  beds.  'W  ith  stationary  equipment  the  influent  flows  through  a  series 
of  distrifmtion  pipes  which  rest  on  or  are  immediately  below'  the  surface  of 
the  filter  stone.  Projecting  above  the  stone  a  few  inches  and  connecting 
with  these  pipes  is  a  series  of  equally  spaced  nozzles.  The  sewage  flows 
^t  through  these  nozzles,  and  falls  on  the  stone  in  the  form  of  a  fine  spray. 

1  1  tie  use  of  automatic  dosing  devices,  a  section  of  the  nozzle  area 
ehyers  spray  win  e  other  sections  are  cpiiescent.  The  sections  are  used 
alternately,  permitting  a  cycle  of  dosing  followed  by  a  resting  period.  The 
eye  es  \aiy  from  three  to  five  minutes,  depending  upon  the  season  of  the 
year  and  flow  through  the  plant.  Several  types  of  hoving  “12: 
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are  used,  ddie  most  eommon  is  tlie  rotary  distrilnitor  consisting  of  two  or 
more  tidmlar  arms  or  jiipes  connected  to  a  column  in  the  center  of  the 
filter  bed  and  around  which  they  revolve  in  a  horizontal  plane.  The  outside 
ends  of  the  pipes  are  supported  by  steel  cables  attached  to  the  central 
columns.  The  partially  treated  sewage  flows  through  a  vertical  jiipe  in  the 
column  to  the  horizontal  pipes.  The  sewage  flows  through  these  pipes  and 
out  through  equally  spaced  perforations  in  the  bottom  portions  of  the 
rotating  pipes.  The  hydrostatic  pressure  of  the  sewage  in  the  horizontal 
pipes  serves  to  rotate  the  distributor  arms  about  the  vertical  column  as  the 
sewage  is  discharged  through  the  pipe  nozzles.  The  movement  of  the  arms 
results  in  an  intermittent  application  of  the  sewage  to  the  filter  beds. 


Filter  Design 


Trickling  filter  capacity  is  based  upon  the  removal  of  about  300  pounds 
of  5-day  B.O.D.  per  acre  to  the  depth  of  one  foot.  The  size  of  the  trickling 
filters  to  be  used  depends  largely  upon  the  strength  of  the  influent  being 
treated.  Most  filters  are  capable  of  satisfactorily  treating  the  sewage  from 
2,000  to  4,000  persons  per  acre  for  each  foot  of  depth.  From  2,000,000  to 
6,000,000  gallons  per  acre  per  day  of  settled  sewage  can  be  treated,  the 
larger  flows  requiring  deeper  filters. 

The  selection  of  the  proper  size  of  stone  is  important.  If  small  stones 
are  used,  less  sewage  can  be  treated;  on  the  other  hand,  a  bettei  effluent 
can  be  obtained.  One  serious  objection  to  small  stones  is  the  possibility  of 
clogging  in  the  beds. 

Underdrains 


Tliere  should  he  a  free  flow  of  effluent  from  the  Hlters  (luring  each  cycle 
of  operation.  The  floors  of  filters  must  lie  strong  enough  to  hear  the  weight 
of  the  filtering  material  plus  the  maximum  amount  of  water  tlm  hlters  are 
made  to  hold  at  one  time.  The  floor  should  drain  to  a  central  diametrically 
placed  drainage  channel.  Present  construction  methods  use  various  types 
of  hollow  tiles  constructed  so  that  there  are  on  the  top  o  each  tile  slo  s 
ahoiit  1  to  U  inches  wide  which  lead  into  a  duct  running  through  he  tile. 
When  the  tiles  have  been  laid  they  cover  the  filter  floor  and  the  <  nets  m 
the  tiles  form  a  series  of  continuous  drain  lines  leading  to  the  ''‘“'"ng 
channel  in  the  center  of  the  hlter  bed.  In  operation,  the  sewage  tinkles 
through  the  filter  media  to  the  tiles  where  the  Iniiiids  pass  hrough  the 
slotTin  the  tops  of  the  tiles  to  the  drain  lines  formed  by  the  tiles  and  tliei 
t  tbc  drainage  channel.  This  system  also  serves  as  a  ventilation  s>  stem 
•  the  filters  since  the  drain  lines  and  drainage  channel  are  designee 

requirements  permit  even  less  liquid  space.) 
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The  filter  bottom  tiles  are  covered  with  the  required  depth  of  filter 
media,  stone  or  slag,  properly  arranged  according  to  the  size  needed. 

Some  of  the  older  filters  use  perforated  pipes  as  drain  lines  at  the  bottom 
of  the  filter  media.  The  use  of  the  tile  described  abov’e  gives  better  dis¬ 
tribution  and  greater  life. 

Side  Walls 

The  side  walls  of  trickling  filters  can  be  made  of  brick,  tile,  rubble 
masonry,  or  concrete;  usually  they  are  made  of  concrete.  The  height  ol 
the  walls  is  such  that  they  are  6  to  9  inches  above  the  filter  media  surface, 
when  rotary  arm  distributors  are  used,  or  12  inches  when  spray  nozzles 
are  used.’® 


Operation  of  Trickling  Filters 


Trickling  filters  require  comparatively  little  attention.  Spray  nozzles  that 
become  clogged  should  be  cleaned,  and  defecti^'e  ones  repaired.  Filters 
that  are  overloaded  sometimes  become  clogged  with  sewage  solids  and 
organic  growths.  One  corrective  measure  consists  in  shutting  off  the  flow 
to  the  clogged  section.  INIuch  of  the  stranded  material  dries,  and  can  be 
flushed  out  with  the  effluent  when  sewage  is  again  turned  on.  Another 
effective  way  to  clean  filters  is  to  add  a  large  dose  of  chlorine  to  the  influent 
for  a  few  days.  The  chlorine  disintegrates  the  slime,  which  passes  off  with 
the  effluent.  Picking  or  harrowing  the  surface  stone  is  another  method. 

A  large  number  of  Psychoda  alternata  flies  breed  and  live  in  trickling 
filteis.  dhe  wind  frequently  blows  these  in.sects  considerable  distances  from 
the  sevage  plant.  This  fly  is  so  small  that  it  will  pass  through  most  fly 
screens,  and  cause  considerable  annoyance.  Elimination  may  be  difficult 
so  various  methods  are  used.  Spraying  the  outer  walls  or  sitles  of  the  filter 
with  a  5  percent  solution  of  DDT  in  light  oil  or  kerosene  has  marked 
benefits.  The  flies  breed  in  the  bed  and  migrate  to  the  outer  walls  where 
they  are  killed.  The  residual  fly  density  is  then  too  low  to  cause  annoyance. 


Performance  of  Trickling  Filters 

It  is  „mv  believe,!  that  the  BO.D.  test  gives  the  l,esl  i.,f„,ntati„„  „„ 
hiter  efheteney.  It  ,s  known  that  the  fate  of  oxiclatiot,  ,le, Teases  will, 
me, easing  filter  cleptl,  and  for  this  reason  efficiency  is  not  rated  in  lit)  1) 

'“***‘’'  iiK-lmles  the  entire  filter 

depth.  This  IS  ilhrstrated  in  Table  13. 

Data  taken  from  21  efficiently  oiierated  treatment  works  imlieate  that 
tric^mg  Iter  efflnents  average  o.a  ppm.  snspended  soli, Is  an,l  32  ppm 
o-(lay  H. ().]).  or  a  reduction  in  HO  P)  t  i  •  • 

soli,ls  of  40  percent.  “"^Pended 
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Secondary  Sedimentation 

The  action  of  sewage  filters  is  cine  to  the  prolific  growths  of  organisms 
in  the  filter  media.  The  biological  action  of  these  organisms  converts  the 
non-stable,  non-settleable  components  of  the  sewage  into  relatively  stable, 
readily  settleable  products  which  are  given  off  continually  in  the  filter 
effluent.  The  filter  effluent  must  have  a  final  period  of  sedimentation  to 
permit  removal  of  this  humus-like  suspended  matter.  Several  tests  have 
shown  that  secondary  sedimentation  will  remove  an  appreciable  amount 
of  B.O.D. 

The  design  of  secondary  settling  tanks  follows  the  general  principles 
used  in  designing  the  primary  sedimentation  tanks.  The  sludge  collected 
can  either  be  pumped  directly  into  sludge  digestion  tanks  or  it  can  be 


TABLE  13 


Comparative  Quantities  for  Various  Expressions  of  Filter  Loading 


Per  Acre  Filter  6  Ft. 
Depth 

Expressed  as  Pounds  Per  Day  5  Day  B.O.D 

Per  acre  foot 

Per  100  cu.  ft.  stone 

Cu.  ft.  stone  per  pound 
B.O.D. 

1200 

200 

4.59 

218 

1500 

250 

5.74 

174 

3000 

500 

11.48 

87 

6000 

1000 

22.95 

44 

Langdon  Pearse  et.  al.,  “Modern  Sewage  Disposal”,  p.  58,  Federation  of  Sewage 
Works  Assoc.,  N.  Y.,  1938. 


reintroduced  into  the  raw  sewage  before  passage  through  the  primary 
settling  tanks. 


Bio-Filters 

A  liio-  or  high-rate  filter  is  an  adaptation  of  the  trickling  filter  operated 
at  a  high  average  daily  dosing  rate  usually  between  10  and  30  million 
gallons  per  acre.  The  filter  effluent  is  recirculated  usually  to  the  influen 
of  the  pHmary  seilimentation  tank.  Because  of  the  increased  oxygen  de¬ 
mand  of  these  filtei-s  a  shallow  bed  with  increased  free  air  !''« 

fflter'tices  of  the  stones  is  more  effective  than  the  conventional  trickling 
filtpr  The  nrocess  permits  reduction  in  the  size  of  filter  units  by  using 
rilch  h  gher  rsin^rate  than  for  the  low-rate  filter.  Recirculating  the 

Hltr:fflu:^nttothepUry  — 

'm\rh‘LT:  :Vts.'  .t:Ier  advantage  is  that  recirculation 
^fit  filter  eX'nt  to  the  sedimentation  tank  prevents  the  raw  sewage  from 
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becoming  septic.  Some  raw  sewages  show  a  marked  tendency  to  form  scums 
in  the  primary  settling  tank.  The  scums  interfere  with  efficient  operation; 
recirculation  reduces  scum  formation. 


I  SINGLE-STAGE  INTERMEDIATE  TREATMENT 


SLUOCE 


TO  DISPOSAL 


SECONDARY 

CLARIFIER 


2.  SINGLE-STAGE  COMPLETE  TREATMENT 


_3.  TWO-STAGE  COMPLETE  TREATMENT 
Dol‘ (Courtesy,  The 
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Some  iilants  are  equipped  with  a  second  high-rate  filter  and  clarifying 
tank.  Better  treatment  of  the  sewage  is  obtained  through  greater  flexibility 
in  operation  and  more  complete  stabilization.  This  is  called  two-stage 
treatment. 

The  beds  are  normally  circular  and  3  to  4  feet  deep  with  rotary  distri¬ 
butors  to  provide  nearly  continuous  dosing.  Stone,  drains,  and  other  con¬ 
struction  features  are  similar  to  the  conventional  trickling  filter.  Since  the 
high-rate  filter  handles  much  greater  quantities  of  liciuid  than  the  con¬ 
ventional  filter,  proper  grading  and  selection  of  filter  media  is  more  im¬ 
portant. 

The  recirculating  cycle  is  from  the  filter  to  the  inlet  of  the  primary 
sedimentation  tank  (single  stage);  or  part  from  the  primary  filter  to  the 
primary  sedimentation  tank  inlet  and  the  balance  directly  to  the  inlet  of 
the  secondary  filter  (double  stage).  A  portion  of  the  effluent  from  the  second¬ 
ary  clarifier  is  usually  recirculated  to  the  inlet  of  the  secondary  filter. 

Five  day  B.O.D.  applications  are  at  the  rate  of  3000  pounds  per  acre 
foot  and  recirculating  ratios  of  sewage  returned  to  new  raw  sewage  flow 
vary  from  1:1  to  4:1,  based  upon  the  strength  of  the  sewage  and  the 
recirculating  cycle.  Table  13. 

(Operating  results  indicate  that  the  efficiency  of  single  stage  units  is 
comparable  to  the  trickling  filter  while  double  stage  units  equal  activated 
sludge  treatment. 

Effluents  from  single  stage  units  average  126  ppm.  suspended  solids  and 
170  ppm.  5  day  B.O.D.  ora  reduction  in  B.O.D.  of  62  percent  and  in  sus¬ 
pended  solids  of  53  percent.  Double  stage  units  average  40  ppm.  suspended 
solids  and  30  ppm.  5  day  B.O.D.  or  a  reduction  in  B.O.D.  of  95  percent 
and  in  suspended  solids  of  90  percent.  A  final  settling  tank  should  follow 

the  last  filter. 


Activated  Sludge  Treatment 

The  activated  shidge  process  is  a  <levelopment  of  tl.c  preliminary  in¬ 
vestigations  by  Clark*  at  the  Lawrence  Experiment  Station  m  Lit.  Ihese 
investigations  were  elaborated  upon  by  Arden  and  I-ofke  t  m  Manfhf 'fb 
England  and  continued  in  this  country  by  liartow  and  Mohlman.  1 
perfecting  of  the  process  to  its  present  status  has  been  the  resii  ts  of  the 
combined  efforts  of  engineers  and  chemists  in 

lairge  plants  have  been  built  in  many  cities,  inchiihng  Milaniikce,  \\is., 

Chicago  111.,  Indianapolis,  Ind.,  and  Cleveland,  O  110. 

The  process  consists  of  bringing  air  into  intimate  contact  with  sewag  , 
to  whiidi  liiologically  active  sludge,  a  product  of  the  process,  ''as  pix- 
Vioiisv  been  added  The  air  in  the  activated  shidge  process  maintains 
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INfLOWINC  StWAGC 


If  chlorinated  EFfLUENT 

Fio.  58.  Diagram  typical  activated  sludge  treatment  works 
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aerobic  conditions,  keeps  the  sludge  in  suspension,  and  by  constant  agita¬ 
tion  of  the  mixture,  allows  unactivated  liquid  to  come  in  contact  with  the 
sludge.  BuswelP  describes  the  process: 

“If  one  examines  particles  of  activated  sludge  under  the  microscope  he  is  imme¬ 
diately  impressed  with  the  fact  that  there  is  practically  no  absorbed,  precipitated 
or  coagulated  amorphous  matter  in  these  sludge  particles,  but  that  they  are  com¬ 
posed  entirely  of  active,  growing  microscopic  organisms  of  varieties  ranging  from 
true  bacteria  up  through  the  giant  bacteria,  with  occasional  molds  and  yeasts, 
and  also  a  variety  of  free  swimming  and  attached  protozoa.” 

These  communities  of  micro-organisms  must  obtain  food  and  this  food  is 
supplied  from  the  colloidal  matter  and  dissolved  salts  in  the  sewage. 
Keefer  states;” 


“Three  requirements  are  essential  in  the  activated  sludge  process: 

(1)  an  adequate  supply  of  air; 

(2)  activated  sludge  and 

(3)  thorough  mixing  or  stirring  of  the  sludge  with  the  sewage. 

Air  maintains  aerobic  conditions;  it  also  keeps  the  sludge  in  suspension  and  mixes 
the  sewage  and  sludge  where  diffused  air  is  employed.  There  is  considerable 
evidence  to  indicate  that  the  sludge  absorbs  organic  compounds  in  the  sewage 
and  that  the  absorbed  material  is  oxidized  bio-chemically.  First  the  carbo¬ 
naceous  compounds  are  oxidized,  and  if  the  treatment  is  continued,  the  nitrogen¬ 
ous  materials  are  converted  into  nitrites  and  nitrates.  Agitation,  which  is  an 
important  feature  of  the  process,  breaks  up  the  surface  of  the  sewage  and  aids 
in  the  solution  of  oxygen  from  the  atmosphere.  Agitation  also  brings  oxygen, 
dissolved  organic  matter  and  colloidal  particles  in  contact  with  the  activated 

sludge  floe.” 


Preliminary  Treatment 

Treatment  with  coarse  bar  screens  and  grit  chambers  is  an  essential  pie- 
liminary  step  in  activated-sludge  plant  operation.  Fine  screens  and  primary 

settling  tanks  are  also  frequently  installed.  .  ,  ,  , 

One  method  of  treatment  consists  of  blowing  air  through  the  sewage  m 
aeration  tanks  for  4  hours  or  more.  The  biologically  active  sludge,  called 
activated  sludge,  is  added  to  the  influent  flowing  to  the  ^  ” 

amounts  varying  from  about  15  to  35  percent  by  volume  of  the  sewage 
After  the  sewage  and  the  sludge  have  been  sufficiently  aerated,  e 
mixture  flows  through  settling  tanks,  where  the  sludge  settles  out,  lea^ung 
roraetically  clear  effluent  with  a  5-day  H.O.D.  of  from  15  to  2o  ppm.  fhe 

settling  tanks. 
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Aeration 


After  admission  to  the  aeration  tank  it  is  essential  that  the  flow  of 
activated  sludge  and  raw  or  partially  treated  sewage  come  in  contact  with 
the  air  and  that  a  sufficient  velocity  be  maintained  to  prevent  subsidence 
of  the  sludge.  Air  under  pressure  is  brought  to  porous  tubes  or  plates  in 
the  bottom  of  the  tank  and  rises  in  bubbles  of  very  small  dimension  through 
the  mixture  of  sludge  and  sewage,  escaping  to  the  atmosphere  at  the 
surface  of  the  liquids.  Porous  plates  have  been  widely  adopted,  as  the  best 


TABLE  14 

Quantity  of  Air  Necessary  for  Activation  of  Sewage 


1.  For  rather  weak  domestic  sewage . 

2.  For  strong  municipal  sewage  containing  some  industrial 

wastes  not  particularly  detrimental  to  bacterial 
life . 

3.  For  weak  municipal  sewage  containing  considerable  in¬ 

dustrial  wastes,  some  of  which  are  detrimental  to 
bacterial  life,  as  for  e.xample,  acid-iron  wastes . 

4.  For  strong  municipal  sewage  containing  considerable 

industrial  wastes,  some  of  which  are  detrimental  to 
bacterial  life,  as  for  example,  acid-iron  wastes . 

5.  For  municipal  sewage  containing  sufficient  industrial 

wastes,  not  specifically  inhibitive  of  bacterial  life, 
to  influence  decidedly  the  composition  of  the  sewage,' 
e.g.,  packinghouse,  tannery,  etc . 

6.  For  strong  packing  house  wastes . 

7.  For  strong  tannery  wastes  containing  a  very  large  pro¬ 

portion  of  colloids,  but  settled  before  aeration . 


Cu.  Ft.  of  Free  Air  per 
Gallon  of  Sewage 


1.0 


1.5 


2.0 


4.0 


3.0 

4.0 

6.0 


Hil7l93o'^''^^  and  Sewage  Disposal”,  Metcalf  and  Eddy,  2nd 


ed.,  p.  659,  AIcGraw- 


way  to  obtain  good  diffusion  of  the  air  as  it  ontorQ  o 

Plates,  each  about  12  inches  square  ^rcl  Ti™.  “  k  a 

end  of  the  holder.  The  escaoine-  air  im  .  •+  ”  attached  to  one 

resulting  in  smaller  air  requirements  ^  ^  sewage 

solved  oxygen  is  necessar;  to taintairf  7T77  ?  '  "P™' 

«“rrpa[:::gTo;^^ 

--  reir-'r, :: : 
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air  ill  obtaining  agitation  and  aeration  of  the  sewage,  ddiey  may  also  be 
used  in  conjunction  with  compressed  air. 

The  size  of  aeration  tanks  depends  upon  the  strength  of  the  sewage  and 
the  quantity  of  returned  activated  sludge.  The  number  of  tanks  is  in  direct 
proportion  to  the  volume  of  sewage.  There  should  be  a  sufficient  number 
so  that  one  or  two  can  be  kept  out  of  service  without  materially  decreasing 
the  retention  period  in  the  other  tanks.  A  working  depth  in  the  tanks  of 
15  feet  is  often  used.  Widths  of  tanks  are  1  to  1|  times  the  depth. 

The  average  concentration  of  solids  in  the  aeration  tanks  (mixed  liquor) 
usually  varies  between  2000  and  3000  ppm.  with  a  return  of  activated 
sludge  averaging  29  percent  of  the  sewage  flow.  (Solids  concentrations  of 
5000  to  10,000  iipm.  have  been  found  highly  effective  but  difficult  to 


TABLE  15 

Pct'foDucince  of  Activated  Sludge  Plants 


City 


Sedimentation  Tanks  Effluent 
from  Final  (ppm.) 


Percent  Reduction 


Houston,  Tex. 
North  Side  plant 
South  Side  plant 
Indianapolis,  Ind. . 
Milwaukee,  Wis.. 
Springfield,  Ill 


5  day  B.O.D. 


32 

39 

20 

12 

13 


Suspended 

Solids 


37 

44 

32 

18 

12 


5  day  B.O.D. 


83 

79 

91 

96 

91 


Suspended 

Solids 


81 

77 

84 

94 

92 


C.  E.  Keefer,  “Sewage  Treatment  Works”,  McGraw-Hill,  N.  "i.,  19-W- 

mninfiin)  The  sludge  must  be  kept  fresh  and  not  allowed  to  become 
se'plic  -kn  odorless  effluent  with  a  high  degree  ol  punty  can  be 
by  this  process.  The  efficiency  of  the  process  and  the  character  of  the  efflue 

is  given  in  d\ible  lo.  u  n  n  not  exceed  16  ppm.  and  the 

eediire.  ^ 

Final  Sedimentation  Ianks 

Idle  detention  period  in  final  f to  H  l^oiirs 
tanks,  varies  from  3  hours  lor  tnc  '  ing  c  through  the  tank  must 

f,„.  Ihout  bOO  gallons  ot  sludge  per  million 

ganonTohihuent,  are  depositcl  from  trickling  ami  b.o-hlters. 
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Sludge  must  be  withdrawn  at  frequent  intervals  to  keep  it  from  becoming 
septic.  The  sludge  which  settles  out  of  the  effluent  from  trickling  filters 
is  discharged  to  sludge  digestion  tanks  or  to  the  primary  settling  tank  where 
it  settles  out  with  the  raw  sewage  sludge.  Sludge  settling  in  sedimentation 
tanks,  following  treatment  in  activated  sludge  tanks,  is  sent  to  the  primary 
sedimentation  tanks,  sludge  digestion  tanks,  returned  to  the  aeration  tanks 
as  activated  sludge,  or  dried  by  vacuum  filtration.  Continuous  sludge 
removal  equipment  with  either  straight  flow  collectors  or  I'otating  clarifiers 
as  described  for  primary  sedimentation  tanks  may  be  utilized  in  these 
tanks. 


Disposal  of  Final  Effluents 

The  treatment  given  sewage  should  reduce  the  suspended  solids  and 
B.O.D.  so  that  the  particular  effluent  will  be  assimilated  by  the  receiving 
stieam  or  other  body  of  water.  I  nless  this  treatment  is  accomplished, 
septic  conditions  with  foul  odors,  and  sludge  deposits  will  develop  in  the 
iecei\ing  body  of  water.  Such  situations  are  caused  by  insufficient  diluting 
water,  lack  of  dissoh'ed  oxygen,  absence  of  aerobic,  organisms  and  settle- 
able  solids  m  the  effluent.  The  quality  of  the  effluent  should  depend 
upon  the  nature  of  the  receiving  water.  If  the  discharge  flows  into  a  stream 
that  later  seiA^es  as  a  source  of  drinking  water,  a  high  cpiality  effluent  should 
)e  required  If  the  stream  carries  much  waste  or  is  not  used  for  drinking 

pTrmyeir  efficient  may  be 

Chlorine  is  added  to  sewage  effluent  to  reduce  B.O.D.  and  odors  Clilo 
nnafon  of  effluents  will  reduce  the  hioehemieal  oxygen  dem^d  o  ,,  .h 
for  every  p„m.  of  eldorine  applied, »  and  give  a  stable  effluent  that  will 
not  become  septic.  It  is  often  desirable  to  chlorinate  sewage  plant  effluents 

^  oiz::':-! ‘:;'r 

inch!t'ri‘;ro:™  rt^  Th- ‘r"’.. r  f- 

water  from  normal  sources  is  imavaihblT^’l"  “''^‘'l"•de  siiiijily  of 

sufficiently  large  to  coutinti^^yZt  li:  iidils::'!:;'’!: 

Q  ^  ^  I  Gilt'  must  be  reasonable.  ^ 

b*e\vage  effluent  has  been  furnishpfl  u  i  i  i 
use  at  Herrington,  Kan  since  I93423  q  ^  for  boiler 

in  oil  refineries  has  been  noted  at  B,'-  '  (‘nndenser  water 

'Vffie  at  Goldfield,  Nev.  it  is  used  in  a  ''''''' 
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The  Sparrows  Point  plant  of  the  Bethlehem  Steel  Co.  uses  70  mgd.  of 
effluent  from  the  Back  River  Treatment  Works  at  Baltimore,  Md.  Acti¬ 
vated  sludge  or  trickling  filter  effluent  is  treated  with  alum,  followed  by 
sedimentation  and  chlorination  with  subsequent  discharge  into  the  indus¬ 
trial  water  system  of  the  steel  planPb  A  comprehensive  program  for  similar 
use  of  sewage  effluents  has  been  proposed  in  Los  Angeles  County,  Calif 


Odor  Control 


Sewage  odors  are  principally  hydrogen  sulfide,  caused  by  the  decom¬ 
position  of  organic  sulfur  compounds.  Concentrations  below  1  ppm.  are 
not  obnoxious.  Wind  velocities  of  15  miles  per  hour  will  distribute  odors 
to  areas  adjacent  to  the  sewage  plant  and  cause  nuisances  and  complaints.'^ 
Chlorine  is  commonly  used  as  a  deodorant  since  it  combines  directly 
with  hydrogen  sulfide.  The  disinfectant  action  of  the  chlorine  also  inhibits 
bacterial  action  and  prevents  gas  production.  It  is  applied  to  the  raw 
sewage  in  outfall  sewers  to  prevent  disintegration  of  the  concrete  by  the 
action  of  sulfuric  acid  formed  from  the  hydrogen  sulfide,  and  to  the  effluent 
from  trickling  filters  for  odor  neutralization.  An  average  dose  of  5  ppm. 
will  deodorize  sewage  effluents  but  will  not  retard  normal  biological  pro¬ 
cesses. 


Sludge  Digestion 

The  final  water  content  of  sludge  is  directly  related  to  the  preliminary 
treatoent.  Activated  sludge  with  a  water  content  of  98.5  percent  produces 

^''Tteobjecttftfudge  digestion  is  to  produce  an  unobjectionable,  stabilized 
materi  That  can  be  dewatered  and  disposed  oHn  --  con«  and 

3  .71—  —  w77orr  Teir 

organic  or  mineral  compounds.  During  d.ges ton  —ig e  los  ^ 

agreeable  odor,  and  its  color  c  langes  ro  granular  consistency 

brown  or  black.  "l^^^^dtlston  process  a  considerable 

and  a  not  unpleasant  taiiy  ot  o  .  trasified  The  volatile  solids 

portion  of  fhe  organic  digestion  and 

in  raw  sludge  vary  fiom  >  P  reduces  the  volume  of  solids 

from  40  to  55  percent  a^  f-^-  ^rTchly  dewatered  on  sludge 
by  40  or  50  percent,  inus,  it  can 

drying  beds  than  can  raw  sludge.  stages.  The  initial  phase 

Sludge  digestion  passes  ^  j‘,o  (i.8.  During  this  period  the 

is  an  acid  one  with  a  pi  f  .md  proteins  are  hydrolized. 

carbohydrates  are  decomposed,  while  tats  an  i 
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Hydrogen  sulfide  evolves  and  a  rapid  generation  of  large  (juantities  of 
carbon  dioxide  occurs.  During  this  rapid  evolution  of  gas  a  foamy  scum 
may  be  formed.  The  resultant  sludge  in  this  stage  is  \dscous  and  sticky. 
The  second  phase  is  an  alkaline  digestion  resulting  from  the  decomposition 
and  reduction  of  proteins,  amino  acids,  and  other  complex  nitrogenous 
compounds  to  ammonia  and  methane.  The  pH  is  between  6.9  and  7.4, 


Animal 

proteins 


Organic  nitrogenous 
matter 


"\Ammonia 


>  I 

O'  ' 

_ /  Urea .  . . 

Waste  products  Decomposition  \nifrogen 


Atmospheric 

nitrogen 


Plant  ^ 
proteins 


'^^Nitrite 


nitrogen 


Nitrate 

nitrogen 

Hill.' p.  49.  mot™"'"’  C-  E-  McOraw- 


foaming  ceases  and  there  is  only  a  slight  tarry  odor.  The  gas  prorlueed  uill 

Z^iT  T  'n  "“"‘a"®,  the  remainder  being  carho 

diowcle  and  a  small  quantity  of  hy.lrogen  sulfide. 

e  process  of  digestion  is  in  conformity  with  the  iiltinimn  i 

eye  es  of  natural  decomposition.  The  nitrogen  cycle  sZte  med  T 

system  depict, ng  the  natural  changes  occurring  in  the  p.Ze^  of  st’d  1 

converted  to  nitrites  bv  b*  ct.  1  1  1  ^ 

nitrates.  The  unstable  nUrogenous  ZteriZ  '''  1™'“''""  *"  "table 

h.ahd„w„  Of  protems  and  other  forZ ti::;!::! 
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nitrates  are  then  availal)le  as  fertilizer  for  the  reproduction  of  plant  life 
which  in  turn  supports  the  animal  life,  supplying  the  protein  for  a  renewal 
of  the  cycle. 

The  carbon  cycle  is  a  breakdown  of  the  carbohydrates  and  cellulose 
products  by  enzyme  action  to  carbon  dioxide  and  water.  The  carbon 
dioxide  is  then  in  turn  assimilated  by  the  chlorophyll  of  plant  life,  re- 


Orgoim'c  carbonaceous 
maffer 


dioxide 


Fn.  6(1^  The  earl,,,,,  cycle.  (“ScvaRO  Trea.,.,e„t  Works”,  C.  E.  Keefer,  McOraw- 
Hill,  p.  50,  1940.) 

cellulose  waste  products.  value  of  the  sludge,  the 

The  that  ,l,sost.„n  a,o  with 

presence  „f  iligesteil  matenal  f,,i  ,|i,,est  I, eat  wlien  the  pH 

uncontrolled. 
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A  considerable  quantity  of  digested  sludge  should  be  })resent  in  order 
to  seed  the  raw  solids.  It  has  been  found  that  not  over  four  or  five  percent 
of  undigested  solids  by  weight  on  the  dry  basis,  can  be  added  daily  to 
sludge  digesting  at  a  temperature  of  from  85°  to  100°  F. 

One  of  the  most  important  factors  that  affects  the  digestion  })ro(*ess  is 
temperature.  The  best  practice  seems  to  be  to  keep  sludge  somewhere 
between  85°  to  1 00°  F. 

At  this  temperature  digestion  will  be  complete  in  approximately  30 
days.  Laboratory  experiments  anti  some  field  studies  have  been  made  with 
digesting  sludge  at  temperatures  between  125°  and  145°  F.  Under  these 
conditions  digestion  is  finished  in  about  12  days.  The  digestion  of  sludge 
at  these  temperatures  has  not  as  yet  been  satisfactorily  worked  out  on  a 
practical  basis.  The  heat  retiuired  is  obtained  by  burning  the  gas  j^roduced 
by  the  digesting  shulge. 


Digestion  Tanks 

Long  betore  the  pre.sent  knowledge  regarding  the  decomposition  of  sludge 
was  established,  sludge  was  digested  in  septic  and  Imhoff  tanks.  Two  of  the 
oldest  digestion  tank  installations  are  those  in  Baltimore,  ]\Id.,  and  Bir¬ 
mingham,  England. 

Digestion  tank  capacity  \'aries  with  the  preliminary  treatment  and  the 

amount  ot  heat  turnished  during  the  digestion.  Ihiheated  tank  capacity 

ranges  from  3  cubic  feet  per  capita  for  primary  sedimentation  sludge  to 

()  c-ul„c  feet  per  capita  for  activated  sludge.  Heated  tank  capacities  similarly 

vary  Irom  2  cubic  feet  to  4  cubic  feet.  Uuheated  tanks  require  at  least  90 

(lays  capacity  for  storage  during  the  winter  months  when  fligestion  prac- 
tically  ceases.  ^ 

Sludge  digestion  tanks  are  commonly  built  of  concrete  with  depths 
normally  in  excess  of  20  feet.  Depth  is  necessary  to  assure  goiKl  digestion 

i^cular' 'id  ""T*'  an<l  liquefaction.  The  tanks  are  usually 

ulai  although  square  ones  have  been  installed.  When  gas  from  tligestio'ii 

Hindge  digeslion 

'-..ogen.  The  heai  value  -d  J ‘IblTi'-rnduf 
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collected  from  the  tank  domes  and  stored  in  a  steel  holder  tank.  Excess 
gas  not  needed  for  heating  or  other  operations  is  burned. 

The  most  important  use  for  the  gas  is  heating  the  digestion  tanks.  Water 
is  heated  with  household  types  of  heating  equipment  to  a  temperature  of 
140°  F.  and  pumped  through  coils  in  the  digestion  tanks  to  maintain  the 
sludge  at  the  desired  temperature.  Figure  01.  Sludge  is  also  heated  by 
injecting  steam  into  the  sludge  before  it  enters  the  digestion  tank. 

In  addition  to  heating  sludge  tanks,  gas  is  also  utilized  for  operating 
gas  engines  for  the  generation  of  electricity.  Many  installations  have  been 


Fio.  61.  Heated  sludge  digestion  tanks  showing  hot  water  coils 


rde  in  the  Vnitcrl  States  an.l  Europe.  In  some  instances  sufficient  power 
generated  so  tliat  none  need  be  pnicliased. 


Sludge  Dewatering 

digested  sludge  is  withdrawn  ‘'™'" 

dewatereil.  Consalerahle  Aol-a  to  assure  continuous 

in  the  tank  to  serve  as  a  souice  \Mhen  sludge  is  removed 

digestion  of  the  raw  sludp  pumpec  •  percent  water,  with  the 

frL  the  digesting  tanks  it  ^f/h!ave  98  to  as  high  as  99.5 
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Sludge  Drying  Beds 

For  many  years  most  kinds  of  sludge  have  been  dewatered  on  sludge 
drying  beds,  either  open  or  covered.  Open  beds  are  made  of  a  layer  of  sand 
or  cinders  a  few  inches  thick,  usually  with  gravel  underneath.  I  ipes  with 
open  joints  are  generally  provided  below  the  sand  layer  of  the  bed,  to 
collect  the  liquids  that  seep  out  of  the  sludge  and  pass  through  the  sand. 
The  beds  are  enclosed  by  low  earth  banks  or  concrete  partitions  and  as  a 
rule  are  divided  into  compartments  that  vary  in  width  from  15  to  25  feet 
with  lengths  up  to  150  feet  or  more.  One  square  foot  of  drying  area  per 
capita  is  required  for  open  beds  and  |  square  foot  per  capita  for  covered 
beds. 

The  wTt  sludge,  wiiich  preferaldy  has  been  digested,  is  applied  8  to  12 
inches  thick.  In  about  2  weeks  during  the  summer  the  water  in  the  sludge 
evaporates  and  drains  off  sufficiently  for  the  dried  material  to  be  removed. 
The  moisture  in  the  sludge  “cake”  will  depend  to  a  considerable  extent 
upon  the  length  of  time  the  sludge  has  been  drying.  It  is  common  practice 
to  remove  the  cake  after  its  moisture  has  been  reduced  to  from  55  to  65  per 
cent.  Except  in  the  southern  part  of  this  country,  sludge  can  be  dried  only 
during  eight  or  nine  months  of  each  year.  As  soon  as  a  sludge  bed  has  been 
cleaned,  wet  material  is  again  put  on  the  bed.  From  0  to  10  applications 
can  usually  be  made  yearly. 

Covered  sludge  beds  are  sometimes  used  in  place  of  open  beds.  The  only 
difference  between  covered  and  open  beds  is  that  the  former  are  provided 
with  glass  enclosures  similar  to  those  used  for  greenhouses.  Co^Tred  beds 
allows  the  sludge  to  dry  during  wet  w’eather  and  there  is  less  likelihood  of 
odors  escaping  from  the  sewage  plant,  in  case  partially  digested  material 
is  being  dried.  Furthermore,  less  area  is  required  w'hen  covered  beds  are 
provided.  The  chief  disadvantages  of  covered  beds  are  their  high  first  cost 
and  the  fact  that  midday  temperature  within  the  enclosure  in  summer  is 
often  so  hot  men  cannot  w'ork  there. 


Vacuum  Filters 

One  method  of  dewatering  sludge  that  has  not  been  digested  is  the  use 
of  the  vacuum  filter  (Figure  62)  which  consists  of  a  cylindrical  drum  covered 
wuth  a  cotton  or  w'oolcn  cloth  and  rotated  on  a  horizontal  axis.  The  lower 
portion  of  the  drum  projects  down  into  a  trough  into  which  sludge  is 
flowing  A  vacuum  is  applied  to  the  inside  of  the  drum,  causing  a  thin 
ayer  of  sludge  to  adhere  to  the  cloth.  As  the  drum  rotates,  water  is  sucked 
hrough  the  cloth,  leaving  a  thin  moist  cake  which  is  scraped  into  some 

type  of  receptacle.  Activated  sludge  cake  usually  contains  from  80  to  84 
percent  moisture. 

As  the  material  in  this  condition  has  not  undergone  decomposition  and  is 
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(jiiite  piitreiactivo,  it  must  ho  disposed  of  (piickly  or  f>;ive.n  further  treat¬ 
ment.  Chemically  precipitated  sludges  are  also  dewatered  on  vacuum  filters, 
d'he  sludge  cake  generally  contains  from  Oo  to  70  percent  moisture.  Filters 
are  also  well  suited  to  dewater  digested  sludge. 


Fig.  62.  Vacuum  filter  for  sludge  dewatering.  (Courtesy,  Oliver  I  mted  Filter 


Inc.) 

Botoie  sIu.Ikc  is  tiltorcci,  it  must  l)c  “nm.liliuncl”  l.y  cuugulaliun  will. 
„„o  m-  mo,c  n.cmi.'uls.  Kerric’  sullatc,  .•liluri.uite.l  <mpp.'i.us,  Kmt,,;  .■l.lo.'i.lo, 

a„,|  lin...  aro  n.ost  Rcnorally  us<..l.  (  H  tlu'se  Ic.  r.a  <  hlm  a Ic 

ail, I  feme  .•liluiiac  ami  lime  si'c  H'c  !'<■.<'  '«""»•  ‘ « 
I^iilant  iruiliiial  clopoii.ls  iipm.  tha  kiiul  of  slii.lsa  Ixang  .Icwataicl.  the 


DISPOSAL  OF  SEWAGE 


21  I 


concent  rat  ion  of  ammoniacal  compounds  present  and  otlier  tactors.  Less 
coagulant  is  required  with  fresh  than  with  digested  sludge.  A  higher  filter 
yield  can  he  obtained  when  dewatering  digested  material  than  when  raw 
or  activated  sludge  is  filtered.  Sludge  drawn  directly  Irom  primary  sedi¬ 
mentation  tanks  or  from  activated  sludge  tanks,  without  conditioning,  vill 
not  dewater  readily. 

\'acuum  filters  are  superior  to  drying  beds  in  many  ways.  The  area 
required  for  sludge  beds  is  many  times  the  space  needed  for  vacuum  filters. 
Furthermore,  personnel  requirements  to  operate  drying  beds  are  higher. 
Cost  estimates  indicate  that  vacuum  filters  are  cheaper  to  operate  than 
drying  beds  where  large  installations  are  recjuired.  The  process  is  utilized 
in  large  cities  and  is  also  economical  tor  small  installations.  Chicago,  Ill., 
Cleveland,  Ohio,  Baltimore,  i\Id.,  New  York,  N.  Y.,  Minneapolis,  Minn., 
Buffalo,  N.  Y.,  and  Detroit,  Mich,  are  some  of  the  larger  ones  using 
vacuum  filters. 

Elutriation  and  Pre-conditioning 

Center^  has  demonstrated  that  the  noi-mal  concentrations  of  solulile 
ammonia  and  amino  nitrogen  compounds  found  in  sewage  inhibits  the 
flocculating  value  of  the  coagulants  to  “condition”  it  prior  to  vacuum 
filtration.  He  also  proved  that  these  soluble  products  could  be  washed 
from  the  sludge  with  water  or  sewage  effluent.  It  is  now  known  that  these 
compounds  are  ammonium  bicarbonate.-'*  This  wasliing  process  is  known 
as  elutriation  and  consists  of  diluting  and  thoroughly  washing  the  sludge 
with  water  to  dissolve  the  decomposition  products,  sedimentation,  and  a 
subsequent  decantation  of  the  wash  water,  termed  elutriate. 

The  amount  of  coagulant  needed  for  conditioning  or  to  make  more  easily 
dewaterable  the  sludge  solids,  will  be  reduced  by  elutriation  from  (K)  to  80 
percent.  This  reduction  is  due  to  the  washing  out  of  those  nitrogenous 
compounds  whicli  would  otherwise  comliine  with  the  coagulant. 

One  volume  of  sludge  is  usually  diluted  with  two  or  three  volumes  ol 
water  or  sewage  effluent,  thoroughly  mixed  and  allowed  to  settle.  The 
luiuid  portion  is  then  removed  and  the  settled  material  passed  to  the 
coagulation  tanks  for  “conditioning”  with  the  coagulant.  Tlie  process  was 
first  adopted  at  Baltimore,  Md.  Other  installations  are  in  operation  at 
Harttord,  Conn.,  Creensboro,  X.  Ck,  Winnipeg,  Manitoba,  Ckmada,  and 
^^ashmgton,  1).  (k 

Disposal  of  Sludge 

Sludge  can  be  disposed  of  as  dried,  digested,  stable  material;  dried 
fresh  sludge  that  will  become  offensive  when  wet;  fresh  sludge  as  drawn 
iiom  a  jirimary  or  .secondary  .sedimentation  tank. 
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Dried,  digested  sludge.  The  material  obtained  by  drying  digested 
sludge  on  sand  beds  can  be  burned,  buried,  or  used  as  fertilizer.  When 
burned,  separate  incinerators  used  just  for  that  purpose  may  be  used  or 
the  sludge  may  be  Inirned  along  with  garbage  or  refuse  from  the  city. 
Properly  designed  and  operated  incinerators  should  be  aide  to  dispose  of 
sludge  without  the  production  of  any  nuisances.  The  remaining  ash  is 
wholly  stable  and  unobjectionable. 

Dried  sludge  can  also  be  buried.  Natural  pits  or  depressions  are  usually 
used  as  the  site  for  this  type  of  disposal.  Very  little  in  the  way  of  nuisances 
should  be  caused  by  this  method  of  disposal. 

Use  of  sludge  as  fertilizer  appeals  to  many  because  of  the  conservation 
of  any  fertilizer  value  in  the  sludge  plus  the  fact  that  it  is  frequently  a 
cheap  method  of  disposal.  Vlany  sewage  plants  offer  dried  sludge  to  farmers 
and  charge  nothing  for  it,  but  the  farmer  must  carry  the  sludge  from  the 
plant.  The  sludge  obtained  from  an  Imhoff  tank  or  from  primary  sedimen¬ 
tation  tanks  is  not  very  high  in  desirable  plant  food  constituents  if  the 
usual  chemical  elements,  nitrogen,  phosphorus  and  potassium,  only,  are 
considered.  An  analysis  of  such  sludge,  on  a  dry  basis,  would  give  widely 
varying  results  but  would  show  approximately;  total  nitrogen  2.0  percent; 
phosphates  1.0  percent;  and,  potash  less  than  1.0  percent.  The  sludge  is 
good  in  that  it  has  bulk  and  it  also  contains  traces  of  various  elements 


necessary  for  good  plant  growth. 

Dried,  fresh  sludge.  Sludge  from  the  activated  sludge  process  that  has 
not  been  digested  is  frequently  dried.  1  his  is  the  case  when  the  sludge  fiom 
the  sedimentation  tanks  is  extracted  on  vacuum  filters  or  in  clarifiers. 


conditioned,  and  dried  on  sand  beds. 

Since  the  unstable  components  of  the  shulge  have  not  been  stabilized 
by  digestion,  sludge  of  this  nature  may  become  offensive  under  certain 
conditions.  In  general,  it  is  disposed  of  in  the  same  ways  as  the  dried, 

digested  sludge.  ,  .  ,  ■  a- ^ 

The  fertilizer  value  of  sludge  from  the  activated  sludge  process  is  dis- 

tinctly  hielier  in  plant  foal  values.  Nitrogen  may  run  as  high  as  (i.O  per 
cent;  phosphates  may  he  present  as  high  as  3.0  percent;  hut  potash  will 
he  about  the  same  as  for  other  types  of  sludges.  The  higher  fertilizer  ralue 
has  made  further  processing  of  the  sludge  possible  where  the  hnal  piodiict 
coulTh:  disposed  of  in  commercial  channels.  To  be  suitahle  for  sale  as 
commercial  fertilizer,  the  moisture  content  of  the  slut  ge  must  he  lerlute 
to  10  percent  or  less.  This  is  clone  by  drying  the  sludge  in  rotary  tlryers 
l:  it  cores  tfom  the  vacuum  filters.  The  dried  product  is  then  ground 


"'Fresh''lludge.  The  sludge  removed  from  sedimentation  tanks  is  not 
always  dried.  Where  sewage  plants  are  near  the  sea  or  ocean. 
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more  economical  to  carry  skulge,  as  it  is  drawn  in  an  untreated  condition 
from  preliminary  sedimentation  tanks,  in  barges  or  steamers  to  sea  thari 
to  provide  extensive  treatment.  The  disposal  of  sludge  at  sea  is  practiced 
in  the  United  States  at  New  York  City,  and  at  New  Haven,  Conn.;  the 
Passaic  Valley  sewage  treatment  plant  in  New  Jersey;  at  London  and 


Manchester,  England,  and  at  several  other  places. 

Large  quantities  of  untreated  sludge  are  discharged  into  lagoons  or  ponds 
around  which  earth  embankments  or  dykes  are  constructed  to  retain  the 
material.  Lagoons  of  all  sizes  are  in  use,  some  covering  several  acies. 
In  the  course  of  time  the  sludge  in  them  digests  and  becomes  stable,  or 


the  sludge  may  be  discharged  at  times  of  high  water  when  there  is  adequate 
flow  to  permit  disposal  by  dilution.  Although  the  first  cost  of  lagoons  is 
small  and  they  involve  little  if  any  expense  to  operate,  they  are  generally 
considered  an  expedient.  Odors  are  a  frequent  cause  of  complaint,  and  the 
accidental  breaking  of  the  retaining  banks  may  result  in  serious  stream 


pollution. 

Fresh  sludge  is  being  used  in  some  parts  of  the  country,  particularly 
those  where  rainfall  is  light  necessitating  irrigation  practices.  The  sludge 
can  be  transported  to  the  farm  in  tank  trucks  as  at  Marion,  Ind.,  or  if 
agricultural  land  is  near  enough,  piped  to  the  fields  as  was  done  at  Canton, 
Ohio. 


Hygienic  Aspects  of  Sludge  Used  as  Fertilizer 

Investigations  have  been  conducted  by  numerous  laboratories  to  deter¬ 
mine  any  hazards  connected  with  the  use  of  sludge  as  fertilizer.  Theoreti¬ 
cally,  there  is  a  danger  in  the  use  of  fresh  sludge,  either  in  a  liquid  state 
or  as  taken  from  the  vacuum  filters  or  sludge  drying  beds.  Various  enteric 
disease  organisms  and  parasites  have  been  found  in  sludge  of  this  type, 
but  illness  has  not  been  traced  to  the  use  of  sewage  sludge.  (This  state¬ 
ment  does  not  apply  to  the  use  of  fresh  human  wastes  or  “night  soil”.) 
Heat  dried  sludge  is  rendered  safe  by  the  heating  process.  Dried  digested 
sludge  is  generally  considered  safe,  also,  particularly  when  used  on  grains, 
trees,  etc.  *  ’ 

Health  depaitments  have  established  rules  for  the  use  of  sludge  as  ferti¬ 
lizer.  The  usual  practice  is  to  restrict  fresh  sludge  to  forage  or  grain  crops. 
It  should  not  be  used  on  fruit  or  vegetables  that  are  eaten  raw  and  that 
form  near  the  ground.  It  should  be  plowed  under  promptly  after  being- 
spread.  Heat  dried  sludge  needs  no  special  regulations.  Although  dried 
digested  sludge  has  not  been  incriminated  in  the  spread  of  intestinal  dis¬ 
eases,  the  evidence  is  still  inconclusive  and  even  this  sludge  should  not  be 
used  on  vegetables  and  fruits  grown  near  the  ground  and  eaten  raw. 
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RURAL  SEWAGE  DISPOSAL 

Areas  in  wliich  tlie  population  density  is  light  generally  find  that  it  is 
not  economically  feasible  to  have  a  common  sewerage  system  or  a  sewage 
disposal  plant.  Individual  residence  sewage  disposal  systems  are  usual  under 
these  circumstances.  The  privy,  cesspool,  and  septic  tank  with  absorption 
field  are  commonly  used.  The  Ihiited  States  Public  Health  Service  has 
made  an  estimate  of  the  number  of  homes  using  individual  disposal  methods 
as  follows  2® 


Rural  dwellings  with  outside  toilet  or  privy .  8,515,572 

No  toilet  or  privy .  846,148 

Septic  tanks .  4,400,000 

Other  methods  of  disposal .  1,819,720 

Total  homes . .  14,581,440 


( )n  the  basis  of  4  persons  per  family,  this  represents  a  population  of  almost 
()0,0()0,0()0. 

The  abot'e  figures  give  an  idea  of  the  importance  of  proper  facilities 
for  those  homes  using  individual  disposal  systems.  Fortunately,  in  most 
instances  where  the  privy  or  septic  tank  is  used,  the  population  density 
is  such  that  liberal  areas  are  available  around  houses  for  the  installation 


of  these  crude  facilities.  This  does  not  eliminate  the  possibility  of  public 
health  hazards  that  may  arise  from  improperly  designed  or  operated  dis¬ 
posal  installations.  The  possibility  of  polluted  water  supplies  is  ever  present, 
particidarly  in  view  of  the  fact  that  where  individual  disposal  systems  are 
used,  pi-ivate  water  supplies  are  usually  used  also.  The  improperly  located 
septic  tank  or  privy  may  pollute  the  poorly  constructed  well.  The  danger 
that  exists  from  flies,  especially  when  they  have  access  to  human  wastes, 
is  another  hazard  common  to  private  disposal  facilities.  Supervision  of 
private  sewage  disposal  systems  must  be  an  important  part  of  the  environ¬ 
mental  sanitation  program  of  any  health  dejiartment  covering  a  substantial 
rural  or  semi-rural  jiopulation. 


General  Principles 

Reasons  for  the  proper  disposal  of  human  wastes  in  urban  areas  have 
been  ttiveii  in  tlie  Hrst  part  of  tliis  clnipter.  Tlie  same  general  concepts 
apply  to  waste  disposal  in  rural  aretis  although  the  concentration  oi  the 
population,  and  so  the  quantity  of  wastes  is  usually  such  thatulirect  hea  u 
haiards  arc  the  chief  concern  of  the  health  department,  those  hazards 
have  been  previously  referred  to: 

Pollution  of  water  supplies. 

Development  of  areas  that  may  become  fly-hreeding  areas,  or 

X:  rtLiam  miestatio.  bo. 

hookworm. 
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The  goals  to  be  attained  in  private  disposal  systems  are  simple.  First, 
the  wastes  must  be  disposed  of  in  such  a  way  and  in  such  locations  that 
water  supplies  cannot  be  polluted,  either  by  human  wastes  flowing  ovei 
the  surface  of  the  ground  into  reservoirs  or  streams  that  become  drinking 
water  sources,  or  by  seeping  through  fissures  or  cracks  in  the  ground  and 
to  reach  a  well  or  spring.  The  second  goal  should  be  the  prevention  of  fly¬ 
breeding  or  pollution  of  flies  by  their  access  to  human  wastes.  Briefly, 
this  means  disposing  of  the  wastes  under  ground  or  in  other  places  that 
flies  and  other  insects  cannot  reach.  The  danger  of  hookworm  infestation 
can  be  eliminated  by  the  use  of  any  of  the  accepted  methods  of  private 
sewage  disposal  to  replace  indiscriminate  defecation  on  the  ground. 

Several  types  of  disposal  facilities,  if  ])roperly  constructed  and  operated, 
can  give  satisfactory  and  safe  results."  The  ordinary,  earthen  or  concrete 
pit  is  the  simplest,  yet  it  can  be  safest.  It  is  used  where  water-carriage 
sewage  facilities  are  not  available.  When  water  is  a^"ailable  in  the  home, 
making  water-can-iage  sewage  facilities  possible,  the  septic  tank  is  the  best 
method  of  disposal.  In  some  areas  cesspools  are  permitted  but  they  are 
generally  frowned  on  by  health  officials  for  reasons  that  will  be  giATii  later. 
Chemical  toilets  can  also  be  used  where  water-carriage  is  not  possible.  In 
general  construction  these  resemble  the  privy.  Other  methods  are  possible 
under  primitive  conditions  approaching  emergency  situations  or  field  condi¬ 
tions.  These  would  be  similar  to  those  used  by  military  units  under  field 
living  conditions.  The  “straddle  trench”  serves  as  the  type  of  waste  dis¬ 
posal  facilities  that  can  be  used  under  these  crudest  of  arrangements. 


Pit  Privy 

Essentially  the  pit  privy  consists  of  an  excavation  in  the  ground  with  a 
( o\  ei  V hich  includes  a  seat  of  some  sort,  dhe  secret  of  a  satisfactory 
privy  is  its  location  in  such  a  place  that  water  supplies  are  not  endangered, 
and  construction  of  the  pit  in  such  a  way  that  flies  are  excluded.  From 
hygienic  viewpoint,  there  is  no  reason  for  a  housing  to  enclose  the  seat. 
However,  some  privacy  is  usually  desirable  and  in  most  parts  of  our 
country  there  are  times  of  the  year  when  protection  from  inclement  weather 
is  necessary.  A  sketch  of  a  privy  is  given  in  Figure  (>3. 

Ihe  privy  should  be  at  least  50  feet  from  any  water  supiily.  On  the 
ot  er  hand,  it  should  not  be  so  far  from  the  residence  or  working  area  that 
people  will  be  (liseourai;o(l  from  walkinj;  to  it.  .V  distance  of  ahmit  l.oO  feet 
IS  the  maximum  that  should  separate  the  privy  from  the  home  or  business 
p  ace  he  sise  of  the  pit  and  its  depth  will  rlepend  upon  the  number  of 
people  to  be  served  ami  the  nature  ot  the  soil.  'I'ho  volume  of  the  pit  of  a 
privy  for  the  averaKe-sized  family  should  not  be  less  than  .TO  cubic  feet' 
and  the  distance  from  the  front  to  the  back  of  the  pit  should  be  alioui 
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3  feet.  In  many  soils  it  is  unnecessary  to  support  the  walls  of  the  pit  but 
in  others  some  sort  of  cribbing  may  be  necessary  to  prevent  the  soil  from 
caving  in  and  filling  the  pit.  When  cribbing  is  used,  it  should  be  not  laid 


tight  but  rather  with  openings  between  adjacent  pieces  of  wood 

material  so  that  the  liquids  in  the  pit  will  seep  out  mto 

the  pit  is  dug  below  the  usual  level  of  water  m  the  pound,  that  prtion 

of  tlm  pit  below  water  level  is  of  very  little  value  for  the  storage 

In  of  wastes.  A  privy  will  not  function  satisfactor.ly  m  water-logged 

ground. 
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Concrete  ^’AULT  Privies 


A  concrete-lined  pit  or  vault  can  be  used  with  a  priv'y.  this  construction 
prevents  the  seepage  of  liipuds  out  of  the  pit  as  long  as  the  concrete  pit  is 


not  If  mean.s  that  tl.c  .soli.l.,  a„.l  li,,ui,la  „,ust  all  ho  , cm, no, I  al 

mgula,-  ,„torval».  Cleaning  the  pit  „t  a  p.-ivy  i,  a  .Ihtv  job  at  best  'ml 
n  ess  ext, erne  ,-aie  ,s  exe,o,se,l  feeos  ami  mine  oleanod  from  the  pit  mav 
c  , h  opped  on  the  gr„u„,l.  Septic  tank  eleane.  s  o,'  scavengers  can  bo  hi.  od 

eaithen  pit  privy,  must  be  kept  fly-tight.  ’  ^ 
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Pail  or  Can  Type  of  Privies 

Water-ti^Pt  cans  may  ho  placed  under  seats  of  privies  so  that  the  feces 
and  urine  are  collected  in  the  containers.  A  privy  of  this  type  is  freipiently 
used  in  temporary  installations  as  for  construction  sanji^s  or  at  picnics  or 
county  fairs  where  permanent  facilities  are  not  available.  Extreme  care 
must  he  exercised  in  emptying  and  cleaning  the  cans.  Sufficient  clean  cans 
must  he  on  hand  so  that  as  the  filled  cans  are  removed  a  clean  container 
can  he  placed  under  the  seat  immediately.  Creat  care  must  he  used  to 
a.ssure  proper  placing  of  the  receptacle  so  that  all  of  the  urine  and  feces  go 
into  the  can.  A  good  practice  is  to  attach  stops  to  the  floor  of  the  area  under 
the  privy  seat  so  that  the  I’eceptacle  can  he  placed  in  only  one  position. 
C'ontents  of  cans  must  he  disposed  of  in  a  safe  manner,  either  hy  burial  or 
])y  dumping  in  a  sewerage  system.  The  cans  .should  he  cleaned  and 
sterilized  immediately  upon  being  emptied. 


Chemical  Toilets 

Some  chemical  toilets  are  similar  to  the  concrete  vault  privy  except  that 
a  metal  tank  is  used  instead  of  a  concrete  vault.  Another  type  is  similar  to 
the  pail  or  can  iirivy.  In  either  type  a  caustic  solution  is  added  to  the 
receptacle  to  aid  in  the  licpiefying  and  decomposition  of  the  feces.  Sodium 
hydroxide  is  commonly  usial  as  the  caustic  agent.  It  is  essential  that  the 
caustic  solution  and  the  fecal  contents  of  the  receptacle  he  kept  in  intimate 
cmitact.  Some  means  must  he  provided  for  mixing  the  receptacle  contents 
d'he  chemical  tank  typeaisually  has  a  bottom  outlet  so  that  the  emul.sihei 
and  digested  solid  matter  van  he  discharged  into  a  soakage  pit  ot  some  sort 
where  the  liiiuids  can  scei)  out  into  the  ground.  It  is  also  possible  to  clean 
out  the  tank  hy  using  the  eiiiiipment  of  the  septic 

must  he  u.sed  to  he  sure  that  the  caustic  solution  has  been  diluted  sutfuie  . 
so  that  there  is  no  danger  to  the  per.sons  emptying  the  tank  or  to  the  eipiip- 
ment  used  The  pails  in  chemical  toilets  using  small  receptacles  aie  emptiu 
™  o!,  'pi.»  In-  .ho  oo„.o„.»  a,o  o.ho,-«-i»o.  I.,  o.tho,-  onso  .ho 

.,ils  ,«u»t  IK-  washocl  a..d  sto,-ili.o,l  im.no, liatoly  a.tor  o.npty,.,^.  A  hr  h 
1  I  1,0  ,.|.„.o(l  in  tlio  toilo.  as  a(„ai  as  .ho  lillcl  can  is  loinnvod.  I  ho 

. . . . . . . . 

rhomioT.„ilo.s  a,-0  ns,-, I  in  silua.inns  who.o  i.  is  dosi.-ahlo  havo  .niU-.s 
who,o  .-...min.  wa.,-,-  availaMo  :  ^o 

.nilo.s  a,o  nso.l  i,o.,no„.ly  n.  I"-;;::;:,;;!  .t,;;'': ':ao<,ua.o  an.l 

;i:.t:‘i:::l''in  ::,.:!:;rtc:::s;To:ossivc  ,iih,ti„n o.-  ,.ooomp«si.,ion 
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clue  to  ilge,  unpleasant  odors  will  Ix^  produecal.  (lood  supcM'visiou  is  neces¬ 
sary  for  the  satisfactory  operation  of  chemical  toilets. 

Septic  Tanks 

Septic  tanks  are  used  where  water  is  available  to  carry  tlie  wastes  irom 
the  toilets.  The  facilities  inside  the  house  are  identical  with  those  in  houses 


'■"iincTl,.,  a  „,u„K-ipal  Kawarag,:  syaUan.  Tha  waslos  are  a„n,lua(a,l 
™,n  .a  h„„»a  ml,,  a  larga  lank  closigna,!  tl.al  snii.l  nmltar  has  a  ahanaa 
o  salt  la  „  Ih,.  „r  ,ha  tank  ahata  it  avantually  nmlargnas  ,l<.,.„n,n„- 

s  lK.i  .  11„.  Ininicis  (l,nv  nut  nf  lha  tank  intn  hniiail  lila  lines  s„  that  the 
"astas  are  ,hs|,„sa,l  nt  hy  snakaga  intn  tha  gn.nn.l,  'PI, a  s,.li,l»  must 
ha  ,a,nnva,l  p,.n»,h,a,lly.  Mnst  nf  than,  will  l.ava  u.ula.gnna  ,la<s„npnsili,'„ 
a  -  .hK,.sl,nn  in  tl...  p,,,nt  aluMa  II, ay  will  nnl  l,a  nl.jaalinnal.la,  A  sapti,. 
^k  that  ,s  pinpatly  .ias.gna,!,  inslallocl,  an,l  „p,wale,l  si, nnl, I  ..iya  satis 
la<  tnry  sarv.aa  In,'  single  families  large  huihlings  " 

Itc  tank  nf  a  septic  tank  system  serves  as  a  sa,lin,entatinn  aha.nher  an,l 
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a  digestion  tank.  It  must  be  designed  and  installed  to  give  the  maximum 
service  in  both  operations.  The  tank  must  be  large  enough  to  permit  reten¬ 
tion  of  the  sewage  in  the  tank  long  enough  to  permit  the  solid  matter  to 
settle  out  of  the  liipiids  that  flow  through.  The  amount  of  sewage  produced 
in  24  hours  is  generally  taken  as  the  size  of  the  tank  required  by  any  build¬ 
ing  served  by  a  septic  tank.  However,  the  minimum  size  of  tank  is  500 
gallons.  Average  figures  for  the  amount  of  sewage  contributed  under 
different  circumstances  are;^“ 

.50  gallons  per  capita  daily  in  dwellings, 

25  gallons  i)er  capita  daily  in  camps,  and 
17  gallons  per  caj)ita  daily  in  day  schools. 

41ie  tank  should  be  made  of  material  that  will  not  readily  rot  or  rust- 
Concrete  has  been  found  most  satisfactory  although  heavily  coated  metal 
tanks  are  also  offered  for  sale  with  the  claim  that  they  will  not  rust  out 
cpiickly.  Baffles  are  installed  at  each  end  of  the  tank— at  the  inlet  end  to 
disperse  the  liciuids  ami  spread  the  flow  across  the  whole  width  of  the 
tank  and  at  the  outlet  end  for  the  same  purpose  in  addition  to  preventing 
scum  from  entering  the  tile  lines.  Submerged  outlet  connections  can  also 
be  used  at  each  end.  Each  tank  should  be  provided  with  a  cover  strong 
enough  to  withstand  any  weight  that  may  be  put  upon  it.  There  should  be 
at  least  one  manhole  to  permit  easy  access  to  the  tank  for  cleaning  or  repair 
operations.  \'arious  shapes  can  be  used  for  the  tank  and  there  seems  to  be 
no  reason  why  tanks  with  several  compartments  should  not  be  used. 

dhinks  usiiallv  need  cleaning  about  every  2  to  3  years. 

44ie  liquids  from  the  tank  should  flow  into  a  distribution  box  connected 
to  the  tank  liv  a  short  lenRtl.  of  tisht  setver  line.  The  pnrpose  of  the  bo^  is 
to  provide  some  means  for  distributing  the  liquids  evenly  to  all  of 
lines  of  tile  used  for  the  .lisposal  of  liquids.  Clood  ult.on  is  neeeasary 

if  tl.e  maximum  efficiency  of  the  tile  tiehl  is  to  be  realized.  If  he  septic 
tank  is  lOOII  gallons  or  larger  it  will  be  foninl  profitable  to  run  the  liqiiic  ^ 
from  the  tank  into  a  dosing  chamber  with  an  automatic  siphon,  he  u.se 
>f  this  ernlipment  means  that  the  litpiids  will  be  stored  in  the  dosing  ehambei 
n  il  a  fix  d  tiuantitv  is  reached  when  the  siphon  will  permi  discharge  f 

s^kdn  generally  is  large  enough  to  overcome  the  advantages  that  nonid 

be  obtained.  in  the  sentic  tank  system  for 

C.rease  traps  are  not  eonsideretl  essen  i.il  if 

fiidm  :f  ^ 
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installed.  The  purpose  of  a  grease  trap  is  to  jirovide  a  short  detention 
period  for  the  sewage  to  permit  it  to  cool  off  sufficiently  so  that  the  greases 


nu.  DO.  .-Coptic  tank  sewage  disposal  system.  (Courtesy,  John  E.  Kiker  Flo,- 
Engineering  and  Industrial  Exjieriment  Station.)  ’ 

and  fats  in  the  liciuids  will  rise  and  congeal  at  the  st.rface,  'I'hcse  area 


r.  ■  , 

If 
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The  grease  trap  is  eonnectetl  to  the  house  drain,  lietween  the  house  and 
tlie  septic  tank.  The  general  construction  is  simple,  consisting  of  a  chamber, 
round  or  sipiare,  with  a  capacity  of  about  30  gallons  for  the  average  dwell¬ 
ing  system,  ddie  inlet  to  the  chamher  should  extend  0  inches  below  the 
surface  of  liciuids  in  the  trap,  and  the  outlet  should  extend  down  to  within 
about  0  inches  of  the  bottom  of  the  trap,  d'he  flow  of  water  through  the 
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grease  trap  must  be  fast  enough  to  prevent  settling  out  of  solid  matter. 

Clrease  traps  can  be  purchased  commercially. 

The  tile  line  must  be  designed  and  installed  with  care.  It  the  length  o 
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i  inch  should  bo  left  between  tile  lengths.  The  upper  half  of  the  opiuiing 
should  be  covered  with  asiihalt  treated  paper  to  prevent  the  entrance  ot 
dirt  or  pebbles  into  the  pipe  line  when  the  trenches  are  being  back  filled, 
d'renches  should  be  from  18  to  3()  inches  deej)  and  18  to  3(1  inches  wide  at 
the  bottom,  (hire  should  be  used  in  digging  the  trench  to  give  an  even 
grade  to  the  bottom  amounting  to  from  2  to  4  inches  jier  100  teetot  trench 
length  with  the  lower  end  away  from  the  septic  tank.  If  any  portion  oi  the 
tile  line  is  to  be  in  an  area  that  might  support  vehicular  traffic,  vitrilied  tile 
should  be  used  because  of  its  greater  strength. 

The  length  of  tile  line  depends  uiion  the  absorptive  (piality  of  the  soil. 
In  any  case  it  is  good  to  have  the  line  divided  into  at  least  2  lengths  rather 
than  having  one  extra  long  stretch  of  jiipe.  A  length  greater  than  100  feet 
in  one  section  should  not  be  used.  Adjacent  tile  lines  should  be  sejiarated 
from  each  other  by  at  least  3  times  the  width  of  the  tren(*h  bottom  and  at 
least  (1  feet. 

'riie  amount  of  tile  line  depends  upon  the  area  of  the  bottom  of  the 
trenches  used.  The  area  needed  is  determined  from  an  estimate  of  the 
(luantity  of  liipiids  to  be  disjiosed  of  and  the  absorptive  (piality  of  the 
ground  in  which  the  trenches  are  dug.  A  percolation  t('st  is  run  to  deter¬ 
mine  the  rate  of  absorption.  The  test  is  p(M-form('d  by: 

1.  Digging  a  hole  one  foot  scpiare  to  the  depth  of  the  i)ropos('d  disposal 
trench. 

2.  Touring  water  into  the  hole  to  give  a  dejith  of  at  least  (1  inches  and 
then  allowing  the  water  to  seep  out  of  the  hole.  The  depth  of  water 
should  be  measured  and  the  time  recpiired  foi-  all  of  the  water  to  seej) 
out  should  be  recorded.  The  time  recpiired  for  the  water  to  dro])  one 
inch  is  obt aim'd  by  dividing  the  depth  of  water  in  the  hole  originally 
by  the  length  of  time  in  minutes  recpiired  for  all  of  the  water  to  run 
out.  Ihe  effective  absorption  area  recpiired  for  the  iiarticular  soil 
bc'ing  examined  can  then  be  obtainc'd  from  the  following  table :” 


Absorijlive  Area  Required  an  Detennined  hq  PercAdation  Tests 


Time  reiiuired  for  water  to 
fall  1  iueli  (in  minutes) 


Effwtive  ahsori)tion  area  reciuired  in  bottom  of 
disposal  trenches  in  sipiare  feet. 


2  or  loss 

3 

4 
f) 

10 


15 

:io 

00 

Over  00 


He.sidences 

Cam|)s 

Schools 

(per  bedroom) 

(per  per.son) 

(per  person) 

.50 

13 

i) 

00 

15 

10 

70 

IS 

12 

SO 

20 

13 

100 

24 

IS 

i:io 

32 

21 

ISO 

45 

30 

210 

00 

40 

Spooiiil 

design  using  seejiage  jiits 

OI  siuul  filter  tronclios. 
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When  the  absorptive  test  is  made  some  consideration  should  be  given 
to  unusual  conditions  of  the  soil  at  the  time  of  the  test.  If  conditions  seem 
to  be  unusually  dry,  more  than  G  inches  of  water  should  be  added  to  the 
test  hole.  In  no  case  should  the  test  be  made  in  filled  or  frozen  ground. 

The  necessary  length  of  the  line  must  be  laid  with  care.  A  layer  of  G 
inches  of  coarse  absorptive  material  such  as  gravel,  crushed  stone,  or  slag 
should  be  spread  over  the  bottom  of  the  trench.  The  tile  line  should  then 
be  placed  on  top  of  the  absorptive  material  and  adjusted  for  grade  and 
line  and  proper  spacing.  iXIore  of  the  coarse  hll  should  be  piled  carefully 
around  the  tile  so  the  tile  is  not  pushed  out  of  line.  The  top  half  of  the 
joints  is  covered  with  tar  paper  and  gravel,  crushed  rock  or  slag  then 
piled  around  the  tile  line  until  a  covering  of  at  least  2  inches  is  obtained. 
The  trench  can  then  be  tilled  the  rest  of  the  way  with  dirt. 

Sand  filter  beds  are  sometimes  used  in  areas  where  the  ground  is  water¬ 
logged  much  of  the  time.  The  septic  tank  effluent  is  admitted  to  the  top 
portions  of  the  filter  bed  and  the  hltered  effluent  collected  in  pipes  laid 
below  the  sand  bed.  A  layer  of  sand  about  30  inches  deep  is  laid  on  a  layei 
of  graded  gravel  about  G  inches  deep.  The  collection  pipes  are  laid  in  this 
layer  of  gravel.  About  32  scpiare  feet  of  filter  area  pei  peison  seived  is 
required.  The  effluent  from  the  sand  bed  in  most  cases  will  be  suitalile  for 
discharge  directly  into  some  body  of  water  not  used  for  drinking  purposes. 

The  primary  purpose  of  a  septic  tank  is  to  dispose  of  wastes  that  have 
definite  public  health  importance.  The  design  of  the  tank  and  of  the  tile 
field  should  provide  a  system  large  enough  to  give  adequate  treatment. 
Treatment  in  this  system  of  rainwater,  laundry  water,  and  other  liquid 
rastes  that  do  not  have  the  full  hygienic  significance  that  human  wastes 


w 


have  is  uneconomical.  Rainwater  from  roof  gutters  should  be  run  into 


i)it  or  tile  line  system,  particularly 
should  be  disposed  of  beneath  the  surface  of  the  groimd  because 
provide  mosquito  breeding  ponds  that  will  be  prolific  producers  of  pest 
mo.sqiiitoes  if  the  liquids  are  allowed  to  flow  out  ou  the  ground  siirlace. 

Cesspools 

These  are  excavations  from  4  feet  in  diameter  to  almost  any  size  and 
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the  depth  of  excavation  frequently  is  such  that  the  cesspool  contents  are 
carried  down  into  the  water  table.  Atljacent  water  supplies  may  become 
polluted  by  cesspool  seepage  into  ground  water. 

A  septic  tank  is  lietter  than  a  cesspool  from  a  hygienic  standpoint. 
When  properly  constructed  and  operated  septic  tanks,  including  adeipiate 
tile  fields,  prove  much  more  satisfactory  from  an  operating  viewpoint  also. 
Use  of  cesspools  should  be  discouraged  even  in  those  areas  where  they 
are  permitted. 

Other  ^Methods  of  Disposal 


^’arious  other  methods  of  sewage  disposal  in  rural  areas  or  in  areas  that 
are  not  served  by  a  municipal  sewerage  system  are  in  use.  In  general  they 
reflect  conditions  peculiar  to  the  area.  Bored-hole  pri\ues  have  found  exten¬ 
sive  use  in  some  situations.  Incineration  is  used  in  some  areas  where  other, 
simpler  methods  are  not  suitable.  In  emergencies,  when  materials  or  time 
do  not  permit  construction  of  more  elaborate  facilities,  the  straddle  trench 
that  was  used  so  often  by  military  units  on  the  move  is  a  satisfactory 
method. 


Any  public  health  staff  member  may  be  called  upon  to  provide  some 
satisfactory  method  for  .sewage  disposal  other  than  into  a  municipal  sewer- 
age  system.  Many  methods  can  be  used  and  any  one  of  them  should  be 
satisfactory  if  the  reasons  for  sewage  disposal  are  considered.  These  reasons 


for  the  public  health  worker  are: 

1.  Protection  of  water-  supplies — both  private  supplies  and  tho.se  that 
may  become  part  (rf  a  municipal  .system. 

2.  Prevention  of  accumulations  that  will  serve  as  fly-br-eeding  sites  or 
that  will  pr oxide  means  tor  pollution  of  flies  xx'ith  human  excreta. 

3.  Prevention  of  the  fouling  of  the  sur-face  of  the  ear-th  in  the  inter-ests 
ot  inte.stinal  par-asites  control. 

4.  Under  some  cirrumstances,  pr-evention  of  accrrmirlations  that  might 
ser-xT  as  moscpiito  br-eeding  nuisances. 


CONCLUSIONS 

Next  to  u  water  siii.ply  system,  a  sewerage  system  is  tlie  most  essential 
pub  he  improyemetit  i„  a  city.  The  installation  of  sewerage  systems  ami 
tieatment  works  has  iimloilhtedly  had  eonsideral.le  hearing  on  the  great 
deer  ease  in  typhoi,  level-  during  the  past  4t)  years.  Where  ade<iuafe  sewage 
uirks  are  provide, I  and  properly  operated,  the  diluting  waters,  into  whieh 

■  h  r!-  ''.'T'  Pu  f-ee  of  unsightly  sewage  solids- 

Mr  hie  wil  lie  maintained;  the  use  of  the  water  at  ret-reationai  venter! 

ay  he  ,-ontinued  with  satety;  and  water  su|>i)lies  will  he  itroteeled  The 
bappiness  and  health  of  many  people  are  .lependent  no  I 
-ul  operation  of  mn'niei'pal  scwerlg:  sSem! 
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C'lIAPTER  VIII 


THE  CONTROL  OF  STREAM  POLLUTION 

Stream  pollution  for  present  purposes  may  he  defined  as  the  ereation  ol 
objeetionable  eonditions  through  the  diseharge  of  sewage  and  trade  wastes 
into  natural  water-eourses.  These  objeetionable  eonditions  eover  a  wide 
range  of  situations,  varying  in  imj)ortanee  from  water-l)orne  disease  haz¬ 
ards  to  minor  esthetic  considerations. 

EFFECTS  OF  POLLUTION 

The  injurious  effects  of  i)ollution,  i)articularly  during  the  past  several 
decades,  have  become  increasingly  apparent  in  the  United  States  with  the 
growth  of  large  cities  and  the  rapid  expansion  of  industrial  activities.  In 
general,  the  increase  in  pollution  in  the  past  has  far  exceeded  the  reductions 
that  have  been  made  through  .sewage  and  waste  treatment.  Hazards  to 
health  and  welfare,  with  foul  conditions  existing  along  many  strc'ams,  have 
resulted.  It  is  estimated  that  the  inland  waterways  of  this  country  recei\’e 
a  volume  of  raw  domestic  sewage  ecjuivalent  to  that  of  47  million  people 
and  an  indu.strial  waste  load  ecpu valent  to  the  raw  sewage  of  bO  million 
persons.^  The  trend  of  events  in  recent  years,  however,  i)resage.s  a  change 
for  the  better.  There  is  evidence  of  a  gi’owing  appreciation  of  the  necessity 
of  preventive  and  corrective  actions.  The  Ohio  Pvi\-er  which  has  been  under 
study  for  many  years  by  the  United  States  Public  Health  Service  through 
its  station  at  Cincinnati,  Ohio,  serves  as  an  exam])le  of  the  magnitvide  of 
the  problem.  In  H)4.3  a  comprehensive  survey  of  the  river  was  authorized 
by  Congress  at  a  cost  ol  S()0(),()()().  This  investigation  disclosed  multiple 
u.se  of  the  river  including  domestic  water  supply;  sewage  and  waste  dis- 
j)osal,  lecieation,  navigation;  anti  power  j^roductlon.  4  he  average  How 
at  Pittsburgh,  Pa.,  was  41)00  cubic  feet  ])er  .second;  at  Paducah,  Ky.,  47,100 
cubic  leet.  It  lurni.shed  water  for  30  sui)plies  of  water  for  1 ,()()(), OOt)  i)eople. 
The  dome.stic  .sewage  pollution  was  etpii valent  to  0, 300, 400  i)eople,  and 
indu.strial  wa.stes  to  0,071,700  people  with  acid  wastes  etpial  to  1,804,800 
tons  i)er  year.  ReiiKHlial  action,  including  mine  sealing,  to  remove  oO  per¬ 
cent  ol  the  su.speiuk'd  solids  and  3')  percent  of  the  H.O.l).  from  all  sewage 
and  industrial  wa.stes,  will  cost  $200,000,0004<) 


PUBLIC  HEALTH  IMPORTANCE 

I'olluUo.i  of  wiitenrays  may  iliicclly  alToct  Ihp  pul.lic  hoalll.  wlieio  (lie 
water  rs  >>»«1  as  a  souree  of  pul.lie  water  supply,  f,„-  the  propagation  of 
oysters  or  shelllisli,  lor  supply,  or  f„,-  l.atl.iug  |)urposes.  The  records  of 
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water-carried  disease  epidemics,  due  to  sewage  pollution,  are  all  too  fa¬ 
miliar  to  need  repetition. 

Probably  the  most  important  protection  against  widespread  epidemics  of 
typhoid  fever  and  other  gastro-enteritis  diseases  caused  by  drinking  pol¬ 
luted  water  has  lieen  afforded  by  modern  water  purification  systems. 
There  are  limits  to  the  amount  of  pollution  that  can  be  handled  by  even 
the  best  purification  systems,  if  a  safe  supply  is  to  be  consistently  main¬ 
tained.  In  some  cases,  cities  have  been  forced  to  develop  new  sources  of 
public  water  supply  because  of  excessive  pollution  by  sewage  and  wastes. 

Pollution  from  industrial  wastes  usually  does  not  constitute  a  serious 
menace  to  public  health  unless  it  interferes  with  the  normal  process  of 
purification  where  the  water  is  used  as  a  public  supply,  hixceptions  may 
include  those  wastes  containing  toxic  substances  or  organic  wastes,  the 
decomposition  products  of  which  are  intestinal  irritants.  Indirect  influence 
on  public  health  may  be  experienced  through  the  toxic  effect  of  some  indus¬ 


trial  wastes  on  sewage  disposal  methods. 

Dangers  to  puldic  health  lurking  in  grossly  polluted  sources  of  public 
water  supplv  are  illustrated  by  an  epidemic  of  intestinal  disortlers  occur¬ 
ring  at  Charleston,  W.  Va.,  during  1930.  Although  unusually  careful  water 
purification  methods  were  employed  to  remove  the  turbidity  and  B.  colt 
organisms,  with  the  supply  presumably  meeting  accepted  bactenologica 
requirements  for  a  safe  water  supply,  a  nauseating  taste  and  odor  caused 
by  industrial  and  domestic  pollution  prevailed  after  treatment.  Only  by 
boiling  the  water  for  several  minutes  could  the  tastes  and  odois  be  le- 


A  careful  study  of  this  epidemic  by  the  U.  S.  Ptddic  Health  Service  mih- 
cated  that  a  chemical  gastro-intestinal  irritant  was  probably  the  cause  ot 
illness  The  fact  that  the  same  ailment  made  its  appearance  successn  elj 
f.l  at  leasi  six  widely  separateil  cities  along  the  Ohio  River  below  the 
mouth  of  the  Kanawha,  all  using  the  river  as  a  common  source  of  «a 
supply,  led  ^Tldee2«  to  conclude: 

I  tli.it  thp  acute  Kustro-intestinal  symptoms  were 

“The  evidence  strongly  suggest  j  chemical  irritant  whose 

brought  about  by  the  presence  in  i  ‘  The  evidence  does  not  show 

action  simulate.,  ;*  action,  a  new 

whether  this  chemical  irritant  tvas  ■>  B  1  ,  ,  i„creaseil  chemical 

chemical  prodnceil  by  hactcrial  syiithe^  or  he^resun 

concentration  in  the  water  bioughf  a  .  )  substance  origin- 

is  at  least  a  slight  , \*®."  bease.n^  the  Ohio  when  the  dams 

ated  ill  the  Clreat  kanawha  liiv  .  pccember,  thereby  releasing  the 

;":l!i;Trstr;n'!rc,,:w,;ntra^^^^^^  «hich  affected  the  public  supply  of  each 
city  as  it  moved  down  stream. 

U  is  generidly  recognised  Ihnt  the  most  important  use  of  a  stream  is  as 
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a  source  of  public  water  supply.  Any  pollution  which  interferes  perceptibly 
with  the  quality,  or  jiotability,  of  the  water  furnished  the  consumer,  such 
as  that  occasioned  by  trade  wastes  containing  phenols,  tarry  acids,  and 
similar  compounds  is  objectionable.  vSalty  tastes  have  been  occasioned  by 
brine  wastes  from  oil  fields.  These  various  tastes  and  odors  ha\'e  frequently 
provoked  the  water  users  to  obtain  drinking  water  from  sources  of  unknown 
or  questionable  purity,  which  has  resulted  in  some  instances  in  severe  out¬ 
breaks  of  water-borne  diseases. 

The  marked  increase  in  the  use  of  lakes,  streams  and  tidal  waters  for 
recreational  purposes  in  recent  years,  including  bathing,  boating,  and  fish¬ 
ing,  has  directed  attention  to  serious  pollution  conditions.  Through  such 
recreational  activities  persons  come  in  more  or  less  intimate  contact  with 
polluted  waters.  There  are  health  hazards  involved  in  such  contact,  par¬ 
ticularly  in  areas  in  pro.ximity  to  sewer  outlets  where  raw  sewage  and  de¬ 
posits  of  sludge  are  encountered.  Actual  epidemiological  e\fidence  of  illness 
transmitted  by  swimming,  fishing,  or  floating  in  polluted  water  is  scant. 
However,  in  addition  to  enteric  diseases,  eye,  ear,  nose,  and  throat  infec¬ 
tions  and  skin  irritations  might  be  considered  illnesses  that  could  be  re¬ 
lated  to  polluted  waters.  A  report  from  Japan  tells  of  an  infestation  of 
hookworm  traced  to  heavily  polluted  water  in  which  the  boy  infected 
waded.®-  Tidal  action,  temperature,  and  wind  currents,  contamination 
introduced  by  bathers  themselves  and  the  different  types  of  sewage  pollu¬ 
tion  all  have  an  influence  on  the  hazards  in  the  waters  used  for  recreational 
purposes  which  also  receive  sewage  and  industrial  wastes. 

Ihe  direct  effect  of  waste  pollution  upon  fish  life  may  be  due  to  reduc¬ 
tion  of  the  dissoh’ed  oxygen  of  the  stream  to  such  an  extent  that  the  fish 
suffocate,  oi  the  vastes  may  be  directly  toxic.  The  former  condition, 
however,  is  the  most  common  cause  of  the  death  of  large  numbers  of  fish 
since  relatively  few  trade  wastes  are  present  in  most  streams  in  quantities 
sufficient  to  produce  poisoning.  The  wa.stes  may  use  up  the  dissoh’ed  0x3^- 
gen  of  the  stream  by  direct  chemical  reaction,  but  usually  depletion  is 
caused  by  oxidation  through  biological  agencies.  If  the  oxygen  demand  of  a 
waste  discharged  into  a  stream  exceeds,  or  even  approaches,  the  amount 

of  oxygen  available  in  the  stream  the  resulting  depletion  will  cause  the 
death  or  migration  of  fish. 


Investigations  made  of  pollution  in  the  Illinois  River,  and  data  presented 
f  Fisheries,  U.  S.  Department  of  Commerce,'^  indicate  that 
If  he  dissolved  oxygen  content  of  the  water  falls  below  two  parts  per 
million,  fish  will  probably  suffocate  or  migrate 

oxygen  content  for  best 
esults  ,n  fish  propagat.on  should  be  kept  at  a  materially  higher  amount 

than  two  parts  per  million.  Tliere  is  a  marked  difference  between  tl.e  oxy 
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requirements  of  the  various  kinds  of  fish.  The  maintenance  of  three  or 
four  parts  per  million  or  more  of  oxygen  may  prove  essential  in  waters  used 
primarily  for  fish  culture. 

'remperature  has  definite  effect  on  the  ability  of  a  stream  to  support 
aquatic  life.  In  winter, -ice  coverage  materially  retards  atmospheric  reaera¬ 
tion.  During  warm  weather,  decomiiosition  of  the  organic  matter  is  very 
rapid  and  the  oxygen  of  the  stream  is  used  up  more  (piickly.  On  the  other 
hand  the  amount  of  oxygen  that  fresh  water  will  actually  retain  in  solution 
is  less  in  warm  than  in  cold  weather,  lieing  about  9  ppm.  at  (>8°  F.  and  14 
I)pm.  at  32°  F.;  so  that  in  warm  weather  when  a  greater  supply  of  oxygen 
is  reipiired  by  the  pollutional  wastes,  less  is  available  in  the  stream.  Fur¬ 
thermore,  the  tolerance  of  fish  for  toxic  wastes  is  greater  in  a  cold  than  in  a 
warm  water,  but  a  greater  amount  of  oxygen  is  reiiuired  by  the  fish  when 
the  water  is  warm.  Warm  weather,  therefore,  is  apiiarently  deleterious  to 


fish  life  in  many  ways.  .... 

Water  with  high  turbidities,  such  as  (),()()()  ppm.  will  at  times  kill  fish  if 

the  suspended  mud  reduces  the  dissolved  oxygen  below  2  ppm.  (lame  fish 
such  as  trout  reciuire  at  least  5  ppm.  of  dissolved  oxygen  to  survive  indefi¬ 
nitely.  Heavy  mud  will  also  prevent  re-oxygenation  and  kill  fish  spawn.'® 
ddiis  discussion  in  regard  to  dissolved  oxygen  refers  specifically  to  the 
effect  on  adult  fish.  The  indirect  effect  due  to  changes  of  natural  conditions 
appears  to  be  undetermined  but  is  probably  a  material  factor,  kiber  and 
other  sludge  settling  over  the  spawning  beds  of  fish  cause  them  to  seek 
otl.er  spawning  grc.unds  nr  prer  ent  tire  natural  .levelopment  ot  •  'o 
Furthermore  the  most  stlsceptihlc  peiwrl  »1  youirg  fish  hte  is  just  .htei  he 
food  sac  is  absorbed,  since  the  fisli  are  sustained  fry  tills  tom  sac  lioni  the 
time  of  liatcliing  until  it  is  used  uji.  'I’lie  fisli  must  t hen  <lependu|)on  natural 
aouatic  life  for  sustenance.  Studies  have  indicated  that  eggs  taken  fioni 
Dike  in  polluted  water  could  not  be  successfully  hatched  in  the  sanie  watei 
nit  had  to  be  transferred  to  cleaner  water.  It  ajuiears  that  pollution  has 
a  much  more  deleterious  elTect  upon  eggs  and  young  tisli  than  ujKm  t  a 
'  1  11  f  1  -ictird  interference  of  pollution  in  fish  iiropagation,  then- 

miy  tie  Hnni  is  indicated  by  the  reduCi . .  the  dis¬ 

solved  oxygen  of  the  stream  to  below  two  parts  Jier  inilhon. 

effect  on  water  fowl  and  other  animal  life 

S,.ortsmenand.a,ns.ayat^i.bil.venm^ 

deleterious  sulTered.  An  inrest igat ion  to  determine  the 

and  other  animal  '  ‘  hundreds  of  mallar.l  ducks,  snipe  and 

mi'lTl'iens  irrin^mitediocility  indicated  that  death  of  the  wild  fowl  was 
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(lup  to  poisoning  l)y  />*•  hotuhtius  jirPsunRihly  origiiuiting  fiom  spwngp  dnd 
shulgp  deposits  exposed  through  di'inlging  ojieriitions  in  the  t(*eding  died. 

rhere  iire  some  trude  wastes  which  luive  (*aused  injury  to  animals  diink- 
ing  water  containing  sufficient  amounts  of  the  waste  to  exert  direct  toxic 
effects.  A  considerable  number  of  cases  luive  been  reported,  such  as  cyanide 
poisoning  of  live  stock. These  conditions  are  obser\'ed  with  domestic 
animals  luit  usually  pass  unnoticed  as  far  as  wild  life  is  concerned. 


Aside  from  toxic  effects,  dairy  cattle  may  drink  water  containing  polhi- 
tional  wastes  that  give  a  ffa\'or  to  the  milk.  This  was  illustrated  in  the 
effect  of  a  stream  that  was  polluted  by  kraut  canning  wastes  flowing 
through  grazing  lands.^"  During  the  canning  season  the  milk  accpiired  a 
kraut  flavor  which  materially  interfered  with  its  marketing.  Another 
consideration  in  dairying  is  the  contact  of  sewage  pollution  with  udders 
of  cows  wading  in  streams,  with  the  possibility  of  serious  Viacterial  con¬ 
tamination  of  the  milk  should  there  be  a  lack  of  adecpuite  safeguards  in 
milking  operations. 

There  arc  many  other  considerations,  but  no  ade(}uate  survey  has  been 
made  to  determine  the  extent  of  damage  by  pollution  inimical  to  acpiatic 
and  other  animal  life.  The  facts  that  may  be  obtained  by  such  surveys  are 
necessary  in  the  development  of  a  justifiable  corrective  and  control  pro¬ 


gram. 


EFFECT  ON  PLANT  LIFE 

\\  hen  nitrogenous  organic  wastes  are  dischai'ged  into  a  stream,  decom¬ 
position  takes  iilace  as  exjflained  on  page  205  with  the  resultant  formation 
of  nitrates,  a  plant  food.  Should  the  decomposition  be  so  rapid  that  it  com¬ 
pletely  consumes  the  oxygen  of  the  stream,  anaerobic  or  septic  conditions 
will  prevail.  I  nder  these  conditions  the  jilant  life  in  the  water  course 
changes  entirely,  green  plants  and  other  classes  of  aei'obic  life  die  and 
anaei'obic  or-ganisms  (woi-ins  and  lower  animal  life  pai'ticularly)  pi’evail 
in  the  bottom  sediment.  Since  flowing  water  dissolves  inoi-e  oxygen  from 
the  atmosphei-e,  niti'ification  will  proceed  continuallv  and  a  surplus  of  dis- 
s()lved  oxygen  may  ultimately  be  available,  because  of  the  fertilizer  N-alue 
of  the  mti-ates,  irlant  life  further  down  the  sti-eam  may  become  moi-e  than 
normally  luxuriant. 

A  luxuriant  voKctatiiin  may  havo  a  vory  malorial  oHocI  upon  the  conili- 
tion  ol  a  stream  and  aquatic  life.  (IrcnvinR  plants  sive  oir  oxvnen  nnder  the 
nfluence  ol  sunliRht  an, I  fnnu,sl,  f„o,l  lor  lish  ami  other  aquatic  life.  On 
the  other  hand,  oxygon  is  ,'on»nnie,l  when  <lea,ld>lants  ,le<'av.  In  Ihe  sum 
me,  or  growing  period  tlicrefore,  plant  life  may  he  henelioial,  hut  in  the 
late  hill  or  winter,  while  decay  wciirs,  it  is  detrimental  to  lish  life  'I'his  is 
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probably  an  important  factor  in  the  cause  of  dead  fish  during  the  winter 
months  when  lakes  are  covered  with  a  sheet  of  ice,  since  it  is  during  this 
period  that  decomi^osition  of  the  vegetation  uses  up  the  oxygen  and  the  ice 
sheet  prevents  sufficient  reaeration  of  the  water  to  meet  requirements. 
Vegetation  or  plant  life  is  essential  for  fish  life.  It  has  been  aptly  stated, 
“no  plankton  or  vegetation,  no  fish.” 


ECONOMIC  FACTORS 

Many  considerations  enter  into  the  economic  aspects  of  stream  pollu¬ 
tion.  Agricultural,  commercial,  industrial  and  other  interests  are  affected 
in  varying  degree  by  water  pollution.  Harmful  pollution  in  relation  to 
dairy-farming  has  already  been  mentioned.  Aside  from  stock  raising  there 
may  be  damage  occasioned  in  the  use  of  waters  for  irrigation.  Some  trade 
wastes  are  reported  to  be  detrimental  to  crops,  but  domestic  sewage  would 
normally  prove  beneficial  because  of  the  fertilizing  value.  The  possibility 
of  transmitting  disease  raises  a  serious  ipiestion  as  to  the  advisability  of 
using  sewage  polluted  waters  for  irrigation  of  crops  that  are  to  be  consumed 

uncooked.  i  i  • 

Pollution  resulting  in  the  deposition  of  sludge  which  creates  shoals  in 

stream  beds  may  interfere  with  navigation  and  increase  the  necessity  for 
frequent  dredging  to  maintain  navigable  channels.  Deposits  resulting  fiom 
quarrying  and  mining  operations  usually  contain  rapidly  settling  mateiials. 

In  many  instances  the  shoaling  of  navigable  waters  is  appreciably  af¬ 
fected  by  solids  from  sewage  and  industrial  wastes.  There  is  also  damage  to 
vessels  locks,  dams  and  other  facilities  of  water  transportation  througi 
accelerated  deterioration  caused  in  some  instances  by  acid  pickling  liquors, 
mine  drainage  and  other  acid  types  of  pollution.  ,  ,  • 

Manufacturing  processes  often  need  water  supplies  free  from  the  impuri- 
ties  that  unrestricted  pollution  may  introduce.  Objectionable 
bidity  and  dissolved  impurities  of  both  organic  and  inorganic  natuie  ia\ 
mS^  interfere  wiPi  industries,  frequently  necessitating  con.deraffie 
e^nse  for  water  treatment  or  the  development  of  --  -PP  ^ 
drainage  and  some  chemical  wastes  will  cause  veiy  lapu  (  t  ei  ( 

of  damages  caused  hy  pollution  nf.;, 

.omplished  with 

The  methods  employed  hy  Hlack  .m<  Mule  \ 

spect.  IMpreciation  in  property  v^.  es  <  -  U,  oH  nsue^  _ 

rr::ri  ~  m  J^n.  a  measure  of  the  esthetic 

considerations  involved. 
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Fig.  68.  Pollution  in  the  lower  Schuylkill  Fiver  fCourtesv  Tnt«rofoi  n 
Sion  on  the  Delaware  River  Basin.)  '  Interstate  Commis- 


CRITERIA  OF  STREAM  POLLUTION 

Ihe  ])iochomical  oxygen  demand  (B.O.D.)  is  tlie  (luantitv 
requu-ed  f.,.-  ,|,o  l,i„cl,emioal  oxidation  of  o,gani,.  a,  i 

m  Dounds  of  oxygen.  The  stan.lar.l  lalnn  alo.-y  test  for  B  0  l‘  n  e  f 
percent  of  the  total  tlenrand.  This  s.,audard  indicates  a  per  c;;",;;- 
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bution  of  B.O.D.  through  sewage  of  0.17  to  0.18  pounds  per  day.  The  bio¬ 
chemical  oxygen  demand  and  dissolved  oxygen  tests  are  generally  regarded 
as  being  of  major  importance  in  pollution  surveys.  The  B.O.D.  is  used  to 
evaluate  the  pollutional  character  of  a  waste,  either  before  or  after  dilu¬ 
tion  in  a  stream. 

A  stream  receiving  industrial  and  domestic  waste  carries  suspended  par¬ 
ticles  which  settle  out,  forming  mats  of  deposited  material  on  the  stream 
bottom.  The  soluble  and  suspended  pollution  carried  by  the  stream  is  in¬ 
dicated  by  the  B.O.D.  and  concentration  of  dissolved  oxygen.  The  de¬ 
posited  material  becomes  septic  and  slowly  digests,  just  as  sewage  sludge 
does,  with  the  decomposition  products,  both  gaseous  and  colloidal,  diffus¬ 
ing  to  the  water  layer  above  the  bottom.  It  is  not  unusual  to  find  stieam 
bed  deposits  with  B.O.D.  demands  greatly  in  excess  of  the  water  above  them 
and  to  find  them  undergoing  anaerobic  fermentation.^- 

The  capacity  of  a  stream  to  receive  and  oxidize  wastes  depends  upon 
oxygen  resources  which  consist  of  the  dissolved  oxygen  normally  present 
in  the  water,  the  oxygen  taken  up  by  the  water  in  reaeration,  and  that 
supplied  by  nitrates  and  plant  life.  As  the  oxygen  content  of  a  stream  is 
depleted  the  tendency  to  absorb  oxygen  from  the  atmosphere  becomes 


When  the  total  oxygen  requirements  of  decomposing  oipanic  mattei  m 
a  water  exceed  the  amount  of  dissolved  oxygen  available 
there  is  said  to  exist  a  “negative  oxygen  balance. 

putrefy  if  the  rate  of  reaeration  were  insufficient  to  supply  the  defic  . 
The  oxygen  determination,  therefore,  demonstrates  actual  and  potentia 
nuLnl  in  a  —  suwey.  Interpretation  of  resnlts  ,n  term»  of  eon  o. 
measures  is  not  always  easy,  since  should  there  be  several  souices  of  po 
“buta;  ,  3Lam.  the  responsibility  for  object, onable  contoons 
as  they  relate  to  any  specific  pollntional  contribution  may  be  very  d.fhcu 

to  establish.  +  imp  f motors  the  oxygen  balance 

Although  relative,  since  it  is  beJt  measure  of 

pollutmn  to  vith  large  dilution,  im 

TrlptrS  to  that  needed  for  a  bv're'to^ 

Streams  restore  their  oxygen  t.alan  e  Kloiv 

oxygen  from  ^elthm  assimilated  vary 

ratios  commonly  used  to  estin  e  stream  to  regain  its  oxygen 

in  accordance  with  the  physical  ab.hty  oMho  st.ean 

balance.  With  .swift  flowing  stiea  s  j  adeiiuate  to  avoid  nui- 

second  per  1000  population  have  been  conside.ea  1 
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sance.  The  Chicago  Drainage  Canal,  designed  upon  the  basis  of  3.33  cubic 
feet  second  per  1000  population  is  grossly  polluted  due  to  its  sluggish  flow 
and  high  organic  load.  In  1910  sewage  in  New  York  harbor  was  estimated 
to  be  diluted  corresponding  to  10  cubic  feet  second  per  1000  population, 
yet  due  to  the  absence  of  sufficient  new  water  and  tidal  action,  the  harbor 
was  grossly  polluted." 

STANDARDS  OF  CLEANLINESS 

Standards  for  pollution  control  must  be  established  to  fit  local  needs. 

“Rivers  attract  population  and  population  demands  disposal  of  sewage  as  well 
as  water  supply.  On  some  industrial  rivers  the  proportion  of  pollution  would  so 
hamper  industry  that  the  manufacturer  would  be  forced  to  go  out  of  business  or 
move  away;  consequently,  many  rivers  must  be  used  for  manufacturing,  drain¬ 
age,  and  water  supply,  others  may  become  unfit  for  water  supply  and  be  relegated 
to  drainage  and  manufacturing  uses  only.  However,  streams,  in  other  words, 
must  be  used  for  the  best  interest  of  all  riparian  owners  and  with  due  regard  of 
the  rights  and  convenience  to  all.”®^ 


Attempts  to  formulate  adequate  standards  of  cleanliness  of  waterways 
for  general  application  are  known  to  extend  back  at  least  to  the  activities 
of  the  Royal  Commissions  on  River  Pollution  in  England,  described  in 
leports  of  the  First  Commission  in  1865,  and  the  Second  Commission  in 
1868,  along  with  reports  of  succeeding  Commissions  between  1870  and  1875. 
In  the  United  States  attention  was  first  given  to  this  phase  of  the  general 
pioblem  of  waterways  sanitation  when,  in  1872,  the  Massachusetts  Board 
of  Health  began  a  study  of  sewage  disposal  and  stream  pollution  in  that 
state,  leading  to  the  well-known  series  of  investigations  at  the  Lawrence 
Experiment  Station. 


The  earlier  standards,  such  as  set  forth  in  the  reports  of  the  British  Royal 
Commissions  and  as  formulated  later  by  Hering,ii  Stearns,^^  Hazen 
GoodnouglP  and  others,  in  specifying  the  number  of  cubic  feet  per  second 

‘l'®  inoffensive  disposal  of  sewage  contributed 
pei  ,000  population,  had  as  their  primary  purpose  the  prevention  of  nui¬ 
sances  rather  than  the  safeguarding  of  public  water  supplies.  Develop¬ 
ments  in  recent  years  have  led  to  the  establishment  of  limiting  degrees  of 
water  degradation,  governed  by  the  accepted  uses  of  the  waterways  and 

ehned  in  units  ol  readily  determinable  physical,  chemical,  biological’  and 
bacteriological  (iiiahties  of  the  waters  ’ 

as?st“id 'Z'd  Commission  in  1949  established 

MianrRhei  ™l  T  b®*"®®"  the  Little 

.emoval  of  setdeable  -lids'a^a^it'pl:e^t^:'dZb^oT',hfB 
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Standards  established  by  the  Potomac  Kiver  Interstate  Commission 
require  that  the  Class  A  portion  of  the  river  be  usable  after  chlorination  as 
a  public  supply;  that  Class  B  is  fit  for  recreation  and  fish  life;  that  Class  C 
is  usable  as  a  source  for  public  water  supplies  after  complete  treatment 
while  Class  D  may  border  on  being  a  nuisance/^  No  portion  of  this  river 
has  been  designated  as  Class  A. 

Minimum  standards  for  the  Delaware  River  Basin  are  based  upon  the 
characteristics  of  the  wastes  discharged  into  the  river  and  not  upon  water 
quality/^  The  river  is  zoned  into  four  classes.  Wastes  discharged  into  the 
areas  usable  directly  for  water  supply  shall  be  free  of  turbidity;  shall  not 
exceed  a  B.O.D.  of  50  ppm. ;  and  their  coliform  organism  density  shall  not 
be  greater  than  1  per  ml.  in  more  than  25  percent  of  the  samples  tested. 
In  areas  reserved  for  water  supply  after  purification,  wastes  shall  not  be 


discharged  within  2  miles  of  a  water  intake,  and  shall  not  deplete  the  dis¬ 
solved  oxygen  below  50  percent  saturation. 

Standards  adopted  for  the  Ohio  River  are  shown  in  Table  16.  These 
have  been  generally  accepted  as  usable  criteria  to  reduce  pollution  in  the 
major  rivers  of  this  country.  Standards  of  pollutional  limitation  to  apply 
to  agricultural  uses  have  been  established  in  some  states.  Colorado  requires 
that  waters  used  for  irrigation  of  edible  vegetable  crops  contain  no  more 
than  1,000  Coli-Aerogenes  bacteria  per  100  cc.  No  quality  requirements 
have  been  developed  for  streams  used  for  stock  watering,  althougi  i  aiy 
land  requires  chlorination  of  all  sewage  entering  such  streams.  Some  states 
bar  cattle  from  irrigation  ditches  which  receive  sewage. 

The  use  of  plankton  as  a  measure  for  stream  pollution  is  being  ad\  o- 
cated  21  It  is  believed  that  species  identification  may  be  good  evidence 
al  to 'the  cleanliness  or  degree  of  pollution  of  a  stream. 
assumption  that  undesirable  pollution  destroys  the  normal  flora  and  fauna 
rstreams,  direct  examination  of  the  density  of  vanous  spec.es  w.ll  make 
possible  a  classification  of  waters  in  relation  to 

^  In  eeneral  harmful  effects  of  pollution  pertaining  to  sti earn  uses  i 

be  ^ope  ly  evaluated  and  limits  defined  in  suitable  f 


than  one  major  use.  pnt^rdination  of  studies  con- 

only  through  the  eoopcrat.o..  and  cmeM  ^ 

ducted  by  sanitary  “^rTbc*^ possible  to  make  satisfactory  progress 

» r,:: 

standards  of  cleanliness  for  lakes,  streams,  and  tidal 
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THE  DELAWARE  RIVER  BASIN 


THE  INTERSTATE  COMMISSION  ON 
THE  DELAWARE  RIVER  BASIN 

COOPERATING  STATES 

OCUI*«ltC 
MMtIT 

mn  ro*« 

MMHfYLVAMtA 


ZONES  IN  WHICH  MINIMUM 
STANDARDS  APPLY  FOR 
THE  CONTROL  OF  POLLUTION 
IN  THE  DELAWARE  RIVER 

CONFORMING  WITH  THE  RECIPROCAL 
AGREEMENT  RATIFIED  BY  THE  DEPARTMENTS 
Of  HEALTH  OF  THE  COOPERATING  STATES 


onu^Ddat™: 


»tO-l* 


ADMINISTRATIVE  PRACTICE 

to iecum  “at'f’Lr  “  l><>'l'>tion  control.  The  rig 

nate.  fiom  a  river  is  acquired  by  the  purcliaee  ot  the  land  ad 
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TABLE  16 


Water  Quality  Characteristics ,  Ohio  River  Basin 


Characteristic 

Occurrence 

Desirable 

Doubtful 

Unsuitable 

Water  Supply — General  sanitary  conditions 

Coliform  bac¬ 
teria  per  mil¬ 
liliter 

Average 

Not  over  50  in 
any  month 
(filtration 
treatment  re¬ 
quired  if  over 
0.5) 

50-200  in  month 
unsuitable  if 
greater  than 
200  in  more 
than  5%  of 
samples 

Over  200  in  any 
month 

Bathing — Recreation 

Coliform  bac¬ 
teria  per  mil¬ 
liliter 

Average 

Maximum 

Not  over  1.0 
Not  over  10.0 

1.0-10.0 

Over  10.0 

Fish  life — Recreation— General  sanitary  conditions 


Dissolved  oxy¬ 
gen  parts  per 
million 


Average 

Not  less  than 

5. 0-6. 5  in  any 

6.5  in  any 

month 

month 

Minimum 

Not  less  than 

3. 0-5.0  on  any 

5.0  on  any 

day 

day 

Less  than  5.0  in 
any  month 

Less  than  3.0  on 
any  day 


General  Sanitary  Conditions— Recreation 


Not  over  3.0  in 
any  month 


5-day.  20°C.  Average 
biochemical 
oxygen  de¬ 
mand,  parts 
per  million 

Water  supply— Fish  life— Recreation— Navigation— Industry 


3. 0-5.0  in  any 
month 


Over  5.0  in  any 
month 


pH 


6. 5-8. 6 


4. 0-6. 5  or  8.6- 
9.5  (suitable 
for  water 
supply  prior 
to  treatment) 


Less  than  4.0  or 
over  9.5  (un¬ 
favorable  for 
water  supply 
prior  to  treat¬ 
ment) 


Fish  life — Recreation — General  sanitary  conditions 


Sludge  deposits 


No  preventable 

Slight  to  mod- 

deposits 

erate — loca- 

present 

lized 

Moderate  to 
heavy — gen¬ 
eral 


cent  to  it.  These  rights  originated  in  the  common  law  of  England  and  are 
■■“Sts::  S"  t  — tts  been  stated  to  he  that  each  ri- 
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pai'ian  proprietor  has  the  right  to  have  the  stream  come  down  to  him  with 
its  quality  unimpaired  and  its  quantity  undiminished.”  This  decision, 
rendered  in  the  case  of  Younker  v.  Sankier  Distillery  Co.  et  al.,*®  has  been 
a  guiding  principle  in  many  subsequent  court  cases,  both  in  England  and 
America. 

In  the  arid  western  portion  of  the  United  States  a  new  procedure,  the 
doctrine  of  prior  appropriation,  has  been  established.  Under  this  policy 
riparian  rights  are  not  inherent  assets  of  the  adjoining  land  but  economic 
use  may  be  made  of  water  for  a  given  purpose  subject  to  the  rights  of  others. 
This  diversion  and  use  may  be  continued  as  long  as  needed,  if  the  water  is 
used  for  the  purpose  for  which  it  was  appropriated.  Non-use  for  a  certain 
period  will  usually  cause  a  loss  of  these  rights.  This  doctrine  is  the  out¬ 
growth  of  customs  established  during  the  mining  booms  of  the  last  century 
in  this  western  territory  and  resolves  itself  into  the  need  of  the  user  and 
his  priority  claim  to  use. 

In  recent  decisions  the  United  States  Supreme  Court  has  affirmed  the 
common  right  of  riparian  ownership  as  to  private  persons  but  supported 
the  doctrine  of  equitable  appropriation  of  interstate  streams  between  the 
states  through  which  they  flow.^* 

The  control  of  stream  pollution  is  a  function  of  state  government  and 
regulation  of  interstate  streams  beyond  local  problems  may  be  secured 
thiough  interstate  compacts.  Although,  as  will  be  discussed  later,  a  federal 
stream  pollution  law  operating  through  the  states  has  been  implemented, 
it  should  be  noted  that  the  powers  delegated  to  Congress  by  the  commerce 
clause  of  the  Constitution  are  limited  and  do  not  authorize  pollution  control 
by  a  federal  agency,  except  to  fulfill  international  treaty  obligations. 

In  the  United  States,  early  legislation  looking  toward  correcting  pollu¬ 
tion  conditions  was  enacted  in  Massachusetts.  In  1872  the  first  important 
investigation  was  authorized,  and  this  was  carried  out  by  the  State  Board 
of  Health.  The  precedent  established  would  appear  to  have  influenced 
legislation  m  other  states,  as  many  subsequent  laws  for  pollution  control 
ave  designated  boards  of  health  as  the  administering  agencies.  Conserva¬ 
tion  or  game  and  fish  departments,  public  service  commissions,  and  other 

tffin^coTuor  administer  certain  phases  of  pollu- 


Federal  Control  Activities 

In  1893  Congress  authorized  the  United  States  Public  Health  Service 
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has  accordingly  extended  assistance  to  states  making  pollution  surveys, 
in  carrying  out  water^  sewage,  and  trade  wastes  treatment  studies,  and  in 
conducting  other  important  activities. 

The  Oil  Pollution  Act  of  1924,  administered  by  the  United  States  Army 
Corps  of  Engineers,  and  earlier  rivers  and  harbors  acts,  protect  navigable 
waters  from  the  discharge  of  oil  and  solids  which  would  interfere  with  navi¬ 
gation.*^  The  New  River  decision*'®  by  which  any  stream  capable  of 
supporting  a  row  boat  is  navigable,  extends  oil  pollution  control  over  wide 
areas. 


State  Compacts 

Present  day  trends  of  legislation  toward  usage  and  control  of  the  large 
interstate  rivers  are  leading  to  compacts  between  the  interested  states, 
although  a  federal  stream  pollution  control  law  has  been  enacted.  These 
agreements,  based  upon  the  drainage  area  of  the  river,  may  be  formal 
treaties  ratified  by  The  Congress  of  the  United  States  or  an  informal 
agreement  entered  into  by  state  administrative  officials.  The  formal  com¬ 
pact  u.sually  establishes  a  commission  charged  with  certain  responsibilities 
and  confers  authority  to  enforce  compliance  with  its  orders.  The  informal 
compact  provides  for  a  commission  to  formulate  a  program  which  will  be 
executed  by  various  agencies  of  the  states  subscribing  to  it.  The  informal 
compact  is  perhaps  the  best  since  it  is  flexible  and  retains  operating  author¬ 
ity  within  the  states  rather  than  delegating  it  to  a  commission  without 

direct  responsibility  to  the  citizens. 

Twelve  compacts  or  agreements  are  now  in  force  between  gioups  o 
states.  They  are  administrated  by  health  agencies  or  sanitary  water  authoii- 
ties.  Table  17.  The  table  shows  that  33  states  are  working  cooperatively 
for  the  control  of  interstate  stream  pollution.  This  group  of  states  includes 
about  one  half  of  the  total  territory  of  the  United  States  and  all  of  the  heav- 

ilv  industrialized  areas. 

\he  various  commissions  established  by  these  compacts  have  the  an- 
thority  to  investigate  plant  operation;  to  issue  directives  as  to  the  type  of 
abatement  necessary  ;  to  require  specific  progress  in  abatement  proceduies 
during  a  given  period;  anil  to  establish  a  date  for  ful  compliance  w>  1,  the 
directive.  Stream  conditions  are  based  upon  physical  chemical,  and  bac¬ 
teriological  standards  rather  than  upon  a  definite  health  hazard  oi  nuisance^ 
Cooperation  of  industry  will  help  eliminate  industria  waste  discharges 
Md  close  liaison  with  state  health  agencies  will  forward  progr.ams  foi 

'’TariotrmethoXorclLifying  natural  bodies  of  water  have  been  tried 
in  cOTnection  with  the  establishment  of  standards.  The  general 

pilcedure  has  included  conferences  with  representatives  of  ,.11 
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TABLE  17 

Stream  Pollution  and  Sanitation  Compacts 


Title 

Year 

Author¬ 

ized 

Type  of 
Agreement 

States  Participating 

Object 

International  Joint 
Commission 

1919 

Treaty 

U.  S.,  Canada 

Control  pollution  Great 
Lakes  from  Lake  Supe¬ 
rior  to  Lake  Huron. 

Ohio  River  Inter¬ 
state  Stream  Con¬ 
servation  Agree¬ 
ment 

1924 

Informal 

Ill.,  Ind.,  Ky., 
N.  Y.,  Ohio, 
Pa.,  Va.,  W. 
Va. 

Abate  pollution  in 

streams  of  benefit  to 
all. 

Tri  State  Compact 

1925 

Informal 

Del.,  N.  Y., 
Pa. 

Control  use  of  the  Dela¬ 
ware  River  and  pollu¬ 
tion  thereof. 

Great  Lakes  Drain¬ 
age  Basin  Sanita¬ 
tion  Agreement 

1928 

Informal 

Ill.,  Ind., 

Mich., 

Minn.,  Miss., 
Ohio,  Pa., 
N.  Y.,  Wis. 

To  cooperate  with  each 
other  and  the  United 
States  Public  Health 
Service  to  abate  pollu¬ 
tion  of  the  Mississippi 
River. 

Upper  Mississippi 
Agreement 

1935 

Informal 

Ill.,  Ind.,  la., 
Minn.,  Mo., 
Wis. 

Abate  pollution  of  the 
Mississippi  River. 

Interstate  Sanitary 
Commission 

1936 

Formal 

Conn.,  N.  J., 
N.  Y. 

Control  future,  abate 
present  pollution  in 
rivers  and  tidal  waters. 

Interstate  Commis¬ 
sion  on  the  Dela¬ 
ware  River  Basin 

1936 

Formal 

Del.,  N.  J., 
N.  Y.,  Pa. 

Agreement  becomes  law 
of  each  state  to  abate 
pollution  of  lower 
Delaware  River. 

New  England  Water 
Pollution  Control 
Commission 

1936 

Formal 

Conn.,  Mass., 
N.  Y.,  R.  I. 

Control  of  any  stream 
lying  in  territorj"^  of 
two  or  more  states. 

Red  River  Basin 
Sanitation  Com¬ 
mission 

1938 

Formal 

Minn.,  N.  D., 

S.  I). 

Control  pollution  Red 
River  of  the  North. 

Interstate  Commis¬ 
sion  on  the  Poto¬ 
mac  River  Basin 

1940 

Formal 

C.,  Md., 
Va.,  W.  Va. 

Abate  i)ollution  in  rivers 
of  the  basin. 
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TABLE  17 — Continued 


Title 

Year 

Author¬ 

ized 

Type  of 
Agreement 

States  Participating 

Object 

Ohio  River  Valley 
Water  Sanitation 
Commission 

1940 

Formal 

Ill.,  Ind.,  Ky., 
N.  Y.,  Ohio, 
Pa.,  Va.,  W. 

Abate  pollution  in  drain¬ 
age  area  of  the  Ohio 
River. 

Va. 

Missouri  River  Basin 

Col.,  la.,  Kan., 

Health  Council 

Minn.,  Mo., 
Mont.,  Neb., 
S.  D.,  Wy. 

Northwest  Water- 

Ida.,  Ore., 

works  Control  Pol¬ 
lution  Council 

Wash. 

activities  interested  in  stream  pollution  control.  Both  official  and  non¬ 
official  organizations,  including  those  who  contribute  the  wastes  and  those 
who  desire  to  use  the  water,  are  allowed  to  give  their  viewpoints.  Industry 
must  be  represented  since  it  will  suffer  the  burden  of  control  measures; 
health  officials  must  be  there;  recreational  interests  must  have  representa¬ 
tion  and  so  must  industries  who  will  utilize  the  available  water  in  manu¬ 
facturing.  Efforts  are  exerted  to  reach  agreement  on  the  levels  of  pollution 
to  be  permitted.  This  is  usually  a  compromise  between  the  demands  of 
public  health  officials,  the  economic  interests  of  industry,  and  the  desires 
of  sportsmen  and  recreational  enthusiasts. 

Standards  of  allowable  pollution  have  been  set  up  based  upon  whole  river 
systems,  upon  zones  of  rivers,  or  individual  regions.  In  any  case,  the  stand¬ 
ards  established  should  reflect  the  present  and  future  use  of  the  stream, 
and  balance  public  demands  against  industrial  and  municipal  economies. 
The  present  trend  is  to  regulate  pollution  on  a  regional  basis.  The  State 
of  California  State  Water  Pollution  Control  Board'^  has  accepted  the 

regional  basis  for  control  and  says  of  this  method: 

1.  The  uses  of  waters  within  a  zone  are  by  no  means  uniform  through¬ 
out  the  zone. 

2.  The  effects  of  pollution  are  not  uniformly  dispersed  throughout  a 
zone  from  a  source  of  pollution  but  are  restricted  in  geograp  nca 

3  The  successful  program  must  recognize  that  the  need  for  economical 
■  waste  disposal  is  just  as  exacting  as  the  need  for  protection  of  watei 

quality  for  beneficial  uses. 
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4.  A  zoning  program  tends  to  be  fixed  or  permanent,  and  does  not  lend 
itself  to  a  program  of  reclaiming  lost  water  quality  or  upgrading  a 
degraded  area. 

State  Control  Activities 

The  Pennsylvania  Sanitary  Water  Board  was  the  first  state  policy-fixing 
and  regulatory  organization  created  for  the  control  of  water,  sewage,  and 
stream  pollution.  Instituted  in  1923,  the  policies,  programs,  and  regulations 
adopted  by  this  Board  have  offered  a  precedent  for  other  state  organiza¬ 
tions  created  since  its  inception.  The  classification  of  streams  as  laid  down 
by  this  Board  was  as  follows:^® 

Class  ‘A’ 

Relatively  Clean  and  Pure  Streams.  “Streams  in  their  natural  state 
probably  subject  to  chance  contamination  by  human  beings  but  unpol¬ 
luted  or  uncontaminated  from  any  artificial  source,  hence  generally  fit 
for  domestic  water  supply  after  chlorination,  will  support  fish  life  and 
may  be  safely  used  for  recreational  purposes.” 


Class  ‘B’ 

Streams  in  Which  Pollution  Shall  Be  Controlled.  “Streams  more 
or  less  polluted,  where  the  extent  of  regulation,  control,  or  elimination 
of  pollution  will  be  determined  by  a  consideration  of  (a)  the  present 
and  probable,  future  use  and  condition  of  the  stream;  (b)  the  practicabil¬ 
ity  of  remedial  measures  for  abatement;  and  (c)  the  general  interests 
of  the  public  through  the  protection  of  the  public  health,  the  health  of 
animals,  fish  and  aquatic  life,  and  the  use  of  the  stream  for  recreational 
purposes.” 


Class  ‘C’ 

“Streams  now  so  polluted  that  they  cannot  be  used  as  sources  of  public 
water  supplies,  will  not  support  fish  life,  and  are  not  used  for  recreational 
purposes,  and  also  from  the  standpoint  of  the  public  interests  and  prac¬ 
ticability,  It  IS  not  necessary,  economical,  or  advisable  to  attempt  to 
restore  them  to  a  clean  condition.” 

Creation  of  these  regulatory  bodies  has  materially  aided  in  the  develoo- 
ment  of  plans  and  procedures  that  best  fit  local  needs  for  curtailing  pollu¬ 
tion.  As  would  be  expected,  activities  of  this  nature  have  been  more  pro¬ 
nounced  in  those  .states  of  greatest  population  and  industrial  activity 

contiol.  Ihe  analysis  of  a  nation  wide  survey  of  abatement  programs  com- 
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TABLE  18 

Agencies  Responsible  for  Stream  Pollution  Control 


(a)  State  Department  of  Health  only .  10  states 

(b)  Agency  separate  from  state  department  of  health  but  closely 

allied  to  it,  with  technical  service  furnished  by  the  state 
department  of  health  and  a  representative  of  that  depart¬ 
ment  serving  as  a  member  of  the  separate  agency .  11  states 

(c)  State  department  of  health  and  other  agencies .  17  states 

(d)  Water  pollution  control  board  separate  from  state  depart¬ 

ment  of  health  handling  all  water  pollution  control  activ¬ 
ities .  4  states 

(e)  No  state  agency .  6  states 


Warren  J.  Scott,  Sewage  Works  Journal,  19:  883  (1947). 


l  ROCK  R 
2 FOX  R.  (ILL) 

3  DES  PLAINES  R. 

4  ROOT  R 

5  MILWAUKEE  R. 

•6 SHEBOYGAN  R. 
7MANITOWOC  R. 

BTWIN  R. 

e KEWAUNEE  R. 

10  DOOR 
lloFOX  R.tWS.) 
lIbWOLF  R. 

12  DUCK  CR. 

13  PENSAUKEE  R. 

14  OCONTO  R. 

15  PESHTIGO  R. 

16  MENOMINEE  R- 
IToLOWER  WISCONSIN  R. 
ITbUPPER  WISCONSIN  R. 
18  SUGAR  R. 


19  PECATONICA  R.  23 BLACK  R,  26b  UPPER  CHIPPEWA  R. 

20  GRANT- PLATTE  R.  24 TREMPEALEAU  R.  27  ST.CROIXR. 

21  BAD  AXE  R.  25BUFFALO  R.  28  LAKE  SUPERIOR 

22  la  CROSSE  R.  26oLOWER  CHIPPEWA  R. 


PTg.  70.  Wisconsin  drainage  areas  as  established  for  stream  pollution  control. 
(Courtesy,  Sewage  and  Industrial  Wastes  Engineering.) 
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piled  in  1946^®  indicates  extensive  activity.  Programs  are  meeting  with  ex¬ 
cellent  industrial  cooperation  and  are  administered  upon  this  premise 
rather  than  upon  the  police  powers  of  the  state. 

The  New  Castle  County  Sanitary  District  in  Delaware  was  formed  in 
1945  for  the  only  industrial  area  in  that  state,  while  the  Buffalo,  N.  \ ., 
Sewage  Authority  was  created  in  1936  to  eliminate  pollution  in  the  Niagara 


LlQlhJD 


pollution  control  by  the  Allegheny  County  Sanitary  Authorit\ 
(Uourtesy,  Sewage  and  Industrial  Wastes  Engineering.) 

River.  Every  mile  of  the  major  rir  ers  in  West  Virginia  is  being  elassifie. 
as  to  water  rinality  and  zoned  for  the  degree  of  treatment  required  Ii 
\\  i.sconsm  the  .state  lias  been  dividerl  into  28  major  drainage  districts  an, 
the  rivers  zoned  m  relation  to  quality.  The  .\llegheny  County  Sanitai- 
uthority  created  m  1940  has  an  active  program  for  the  reduction  of  ilomcs 
and  industrial  imllution  in  127  communities  adjacent  to  Pittsburgh,  Pa 
The  1  ennsylvania  State llepartment  of  Health  in  1940  re<,uire,l  theprepa 
ration  of  plans  and  construction  of  504  sewage  treatment  works  for  variou 
communities  of  all  sizes  including  Phihulelphia,  Pa.,  and  waste  disi)o.sa 
P  ansfrom  013  industries.  The  type  of  treatment  depends  upon  the  qiialip 
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characteristics  of  the  stream  concerned.  Money  grants  totaling  $4,250,000 
for  fifty  percent  of  the  cost  of  plans  for  treatment  plants  are  available  to 
municipalities  and  industry.  Grants  are  not  available  for  actual  construc¬ 
tion. 

In  addition,  a  comprehensive  desilting  program  for  the  Schuylkill  River 
is  being  completed  at  a  cost  of  $35,000,000.  Some  4,100,000  tons  of  clum 
(coal  and  mud)  worth  about  $15,000,000  have  been  removed  from  the 
river  bed.  Suspended  solids  in  the  river  are  now  about  one  tenth  of  one  per¬ 
cent  of  the  former  load. 

In  1943  the  state  of  Illinois  brought  suit  against  the  state  of  Indiana  to 
restrain  Gary,  Hammond,  East  Chicago  and  Whiting,  Ind.,  and  20  indus¬ 
tries  in  those  areas  from  discharging  wastes  into  Lake  Michigan,  the  source 
of  water  supply  for  Chicago,  Ill.  This  suit  has  been  adjudicated  without 
court  decision  by  the  cooperation  of  the  responsible  state  officials  and  in¬ 
dustry  executives  to  abate  the  pollution.'^® 


Public  Law  No.  845 

Federal  water  pollution  control  became  effective  in  Public  Law  No.  845 
on  June  30,  1948.  The  objects  as  stated  in  Section  1  are:^® 


that  “it  is  hereby  declared  to  be  the  policy  of  Congress  to  recognize,  preserve, 
and  protect  the  primary  responsibilities  and  rights  of  the  states  in  controlling 
water  pollution,  to  support  and  aid  technical  research  to  devise  and  perfect 
methods  of  treatment  of  industrial  wastes  which  are  not  susceptible  to  known 
effective  methods  of  treatment,  and  to  provide  federal  technical  services  to 
state  and  interstate  agencies  and  to  industries,  and  financial  aid  to  state  and 
interstate  agencies  and  to  municipalities,  in  the  formulation  and  execution  of 
their  stream  pollution  abatement  programs.” 


The  Act  further  provides: 


that  “the  pollution  of  interstate  waters  .  .  .  which  endangers  the  health  or  wel¬ 
fare  of  persons  in  a  state  other  than  that  in  which  the  discharge  originates,  is 
hereby  declared  to  be  a  public  nuisance  and  subject  to  abatement  as  herein 

provided.” 

Under  Section  2  the  Surgeon  General  of  the  United  States  Public  Health 
Service  is  authorized: 


“in  cooperation  with  other  federal  agencies,  state  water  pollution  agencies  and 
interstate  agencies  and  with  the  municipalities  and  industries  involved,  o  pre¬ 
pare  or  adopt  comprehensive  programs  for  eliminating  or  reducing  le  po  u 
of  interstate  waters  where  such  pollution  endangers  the  lea  t 

sons  in  another  state  W  e:T;nXi  “uier 

Department  is  recognized  as  the  btate  Water  i  ouuiiu  & 

state  agency  is  provided.” 

In  case  there  is  failure  to  abate  pollution  The  Federal  Security  Adminis- 
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t  rat  or  after  a  public  lieaiing,  and  with  the  consent  of  the  state  pollution 
agencies,  may  request  the  Attorney  General  of  the  United  States  to  bring 
suit  on  behalf  of  the  United  States  to  secure  abatement. 

The  Surgeon  General  of  the  United  States  Public  Health  Service  may 

“upon  request  of  any  state  water-pollution  agency  or  interstate  agency,  conduct 
investigations  and  research  and  make  surveys  concerning  any  specific  problem 
of  water  pollution  confronting  any  state,  interstate  agency,  community,  munici¬ 
pality,  or  industrial  plant,  with  a  view  to  recommending  a  solution  of  such 
problem.” 

He  also  shall 

“prepare  and  publish,  from  time  to  time,  reports  of  such  surveys,  studies,  in¬ 
vestigations,  research,  and  experiments  made  under  the  authority  of  this  act  as 
he  may  consider  desirable,  together  with  appropriate  recommendations  with 
regard  to  the  control  of  water  pollution.” 

Loans  at  2  percent  interest  limited  to  one  third  the  estimated  cost  may 
be  made  to 


“any  state,  municipality,  or  interstate  agency  for  reports,  plans  and  the  con¬ 
struction  of  treatment  works  for  pollution  abatement.” 

These  loans  are  limited  to  $250,000  to  any  one  agency  and  prior  approval 
of  the  Surgeon  General  must  be  secured. 

There  is  also  established  in  the  United  States  Public  Health  Service  a 
Water  Pollution  Control  Advisory  Board  of  eleven  members  composed  of 
a  representative  from  that  service;  the  Department  of  the  Army;  Depart¬ 
ment  of  Interior;  Federal  Works  Agency;  Department  of  Agriculture  and 
6  persons  at  large  appointed  by  the  President  representing  industries, 
municipalities  and  state  governments.  This  Board  reviews  the  policy  and 
programs  of  the  United  States  Public  Health  Service  as  administered 
under  the  law.  Funds  were  provided  for  grants  to  aid  agencies  in  research 
and  study  of  stream  pollution  problems.  Regional  offices  have  been  created 
3y  the  United  States  Public  Health  Service  to  coordinate  federal  pollution 
control  policy  with  state  agencies.  Basin  control  boards  including  member¬ 
ship  of  state  authorities  concerned  have  been  established  in  each  area  for 
the  purpose  of  developing  stream  standards  and  abatement  procedures 
However,  the  United  States  Public  Health  Service  will  coordffiate  basin 

autonorv  rieff  t  "if '  operation  so  it  is  apparent  that  little 

st.earL  eonce^r  ^ 

STREAM  POLLUTION  SURVEYS 
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effective  safeguards  which  will  accomplish  the  desired  results  without  detri¬ 
ment  to  major  public  interests. 

Any  comprehensive  program  for  controlling  the  pollution  of  an  entire 
liwei  system,  with  due  regard  to  the  protection  of  public  health  and  aquatic 
Ine,  fair  distribution  of  the  burden  of  control,  and  reasonable  economy, 
necessitates  the  collection  and  careful  consideration  of  certain  fundamental 
data.  A  large  portion  of  these  data  must  be  obtained  by  a  thorough  scien¬ 
tific  investigation  of  stream  conditions.  This  investigation,  or  survey,  has 
as  its  objects: 

Determination  of  the  nature,  location  and  extent  of  pollution. 

Evaluation  of  the  present  use  of  the  stream  as  contrasted  with  poten¬ 
tial  value  if  stream  were  used  for  greatest  good  to  most  people  involved. 

Ascertaining  the  effect  of  the  pollution  on  the  aquatic  life  and  general 
stream  conditions,  particularly  those  bearing  on  usefulness  of  the  stream 
to  man. 

Determination  of  the  extent  of  and  agencies  influencing  natural  stream 
purification,  or  recovery  from  polluted  conditions. 

Providing  data  for  evaluating  improvement  in  stream  conditions 
affected  by  remedial  measures. 


General  Data 


The  physical  conditions  that  may  have  material  influence  on  pollution 
conditions  and  recovery,  or  natural  purification,  of  a  stream  need  to  be  as¬ 
certained.  This  usually  covers  a  large  number  of  items,  such  as  location  of 
sources  of  pollution,  dams,  rapids,  tributaries,  etc.,  all  of  which  can  be 
assembled  to  advantage  on  a  map  of  the  draining  area.  Additional  data 
concerning  the  area  and  character  of  w^atershed,  climatic  conditions,  in¬ 
crease  and  spread  of  population,  actual  and  potential  industrial  develop¬ 
ment,  should  be  secured.  Uses  of  the  stream  should  be  definitely  determined. 
The  extent  of  damage  to  interests  involved  should  be  evaluated  if  possible. 
Locations  of  sludge  banks  or  deposits  and  occurrence  of  floating  debris 
should  be  determined.  All  pertinent  facts  need  to  be  carefully  considered 
to  establish  and  control  stream  sampling  procedures  involved  in  the  survey. 


Stream  Flow  Data 

Considerable  information  is  already  available  covering  stream  fiow^s  for 
major  rivers  in  the  United  States  through  the  records  of  the  United  States 
Geological  Survey.  Reports  of  state  agencies  regulating  water  power  or 
charged  with  the  conservation  of  water  resources  are  other  sources  of  in¬ 
formation.  If  such  information  is  not  available  for  the  particular  stream 
being  surveyed,  it  usually  proves  necessary  to  establish  flow  gauging  sta- 

^^Tong  time  records  of  stream  flow  are  most  helpful  in  studying  pollution 
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data.  These  records  are  used  for  comparing  stream  flow  conditions  existing 
during  the  surveys  with  those  of  previous  years.  They  serve  as  a  basis  for 
predicting  future  conditions,  giving  an  idea  of  the  extreme  minimums  of 
flow  available  to  dilute  the  wastes  entering  them.  The  periods  when  stream 
flow  regulation  would  be  beneficial  or  necessary  from  the  pollutional  point 
of  view  are  indicated  by  these  data. 

Analysis  Data 

The  results  of  bacteriological  tests  are  most  helpful  in  determining  the 
public  health  hazards  and  particularly  essential  in  establishing  the  degree 
of  load  on  water  purification  plants,  assuming  the  stream  is  to  be  used  as  a 
source  of  drinking  and  domestic  Avater  supply.  Also,  the  results  are  very 
useful,  especially  when  considered  with  other  data,  in  tracing  the  progress 
and  extent  of  pollution.  The  usual  bacteriological  analyses  made  in  a  stream 
sin  vey  determine  total  numbers  of  bacteria  and  organisms  of  the  coli-aero- 
pnes  group.  The  latter  determination,  being  indicative  of  fecal  pollution 
IS  most  significant.  Results  are  generally  expressed  as  B.  coli  indices  or 

most  probable  numbers"  (M.P.N.)  of  organisms  of  the  coli-aerogenes 
group  per  100  cc.  of  water. 

In  addition  to  dissolved  oxygen  and  B.O.D.  determinations,  otlier  analy¬ 
ses  of  importance  include:  total,  suspended  and  volatile  solids;  total  organic 
nitrite  and  nitrate  nitrogen;  alkalinity,  or  acidity;  pH;  physical  Ster’ 
minations,  including  color,  odor  and  turbidity;  and  sZiL  tests  dl 
pending  on  the  nature  of  the  pollution.  The  volatile  suspended  solids  are 

be  used  as  food  for  -a  condition  to 

eJc'ro?ti:“:;  c  ‘he 

are  known  to  be  ve”  rcfptibll  to  c^^  ' '  o streams 

of  acidity  or  alkalinity  of  the  water  The'^^  ™  i'*i  ‘character  and  degree 
color,  odor,  turbidity,  etc  are  often  of  m'  “^‘“™'''ations  such  as 

as  aids  in  the  interpretation  of  other  resX.“’'''“‘“""® 

^  Biological  Studies 

Pollution  surveys,  particularly  where  thp  * 
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ing  indicators  of  the  intensity  of  stream  pollution  include  certain  com¬ 
mon  and  readily  recognizable  water  plants  and  animals.  These  biological 
forms  are  so  selected  as  to  offer  a  fairly  reliable  index  to  the  oxygen  content 
of  a  stream,  which  in  turn  measures  the  degree  of  pollution.  Such  indicators 
of  pollution  are  summarized  by  the  New  York  State  Conservation  Com- 
mission^®  as  follows; 


“Water  molds  and  scums,  particularly  if  of  colors  other  than  green,  indicate 
decreasing  oxygen — conditions  are  not  favorable  and  may  be  worse  downstream. 

“Tubifex  (wmrms)  marks  approximately  the  limit  of  fish  life. 

“Rat-tail  maggots,  if  abundant  over  the  whole  bed  of  the  stream,  are  an  al¬ 
most  certain  indication  of  prohibited  pollution. 

“Bloodworms  indicate  recovery  and  conversion  of  wastes  into  fish  food. 

“Green  plants,  mosses,  silks  and  nets  usually  indicate  good  and  improving 
conditions.” 


Resistant  organisms,  such  as  sludge  worms,  rat-tail  maggots,  sewage 
fly  larvae,  sewage  fungi  or  water  mold  and  mud  worms  are  those  that  are 
to  be  found  in  the  zone  of  maximum  oxygen  depletion.  In  the  zone  of  pollu¬ 
tion  and  recovery  tolerant  organisms  will  be  found,  such  as  snails,  sow 
bugs  or  isopods,  water  boatmen,  water  shiners,  pine-weed  shiners,  and  bull¬ 
heads  or  catfish.  The  sensitive  forms  from  well  aerated  water  of  normal 
unpolluted  streams  include  such  examples  as;  water  net,  caddis  woim, 
dragon  fly,  stonefly,  snail,  and  water  moss.  Game  fish  may  be  expected  to 
thrive  where  these  forms  are  found. 


Types  of  Industrial  Wastes  and  Control  Procedures 

Knowledge  of  the  character  and  effect  of  sewage  and  other  wastes  is 
necessary  to  permit  proper  interpretation  of  stream  analyses  and  is  essen¬ 
tial  to  the  development  of  corrective  measures.  The  population  contribu  - 
ing  to  sewerage  systems  is  an  index  of  pollution  loading  by  domestic  sewage, 
but  since  trade  wastes  are  frequently  discharged  wit  i  domestic  sew¬ 
age  it  may  be  desirable  to  measure  the  amount  of  pollution  dischaipd 
daily  Volumes  of  the  sewage  and  wastes  can  be  determine  y  measuimg 
ovei  vis  or  other  measuring  devices  employing  well  known  hydrauhc 
principles.  Composite  samples,  or  the  total  of 

vals  for  a  period  usually  of  twenty-four  hours,  proportioned  as  to  flov, 

characteristic  of  sewage  and  Indus- 

— . ,« K,— .  -  - 

bi.losi..l  b'yg."  ^  of  oxygen  in  n  ntinmn  gen- 

ture  of  the  waste.  Since  t  ^  demand  of  industrial 
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5-day  biochemical  oxygen  demand  determination  has  come  into  wide¬ 
spread  use  for  evaluating  “offensive”  pollution  occasioned  by  wastes. 
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sary  to  devise  practical  and  effective  methods  for  re-use  or  recovery  of 
pollutional  substances  in  the  wastes  should  be  furnished  by  industry. 
Evaluation  of  the  effectiveness  of  processes  devised  for  the  removal  of 
pollutional  constituents  and  in  the  elimination  of  nuisances,  is  more  the 
function  of  governmental  agencies.  For  most  satisfactory  results  coopera¬ 
tive  programs  are  regarded  as  fundamental. 

It  is  desirable  to  separate  the  various  wastes  in  a  plant  since  in  many 
instances  it  is  more  economical  to  handle  each  separately.  Those  wastes 
having  polluting  components  and  so  requiring  treatment  should  be  segre- 


TABLE  19 


Abridged  List  of  Industrial  Wastes 


Inorganic 

Organic 

Mixed 

Brass  and  Copper 

Vegetable  Canning 

Textile 

Iron  and  Steel 

Corn  Products 

Dyeing 

Plating 

Alcohol  Production 

Coke  and  Gas  Wastes 

Sulfur  Mining 

Slaughter  House 

Paper  Board 

Sand  Washing 

Dairy  and  Milk 

Laundry 

Acid  Manufacturing 

Beet  Sugar 

Tanning 

Salts 

Citrus  Fruit  Canning 

Cutting  Oils 

Alkalies 

Brewery 

Dye  Manufacture 

Coal  Mining 

Meat  Packing 

Petroleum 

Plastics 

Rubber  Reclaiming 

Rubber  production,  natural  and 
synthetic 

Explosives 

Vegetable  Dehydration 

Wool  Scouring 

Water  Works  &  Sewerage,  December  1945,  page  391. 


gated  from  the  frequently  large  volumes  of  cooling  and  other  process 
waters  not  requiring  treatment.  Reconstruction  of  old  and  laying  of  new 
sewer  lines  in  the  factory  is  often  justified  when  efforts  are  being  « 

reclaim  or  segregate  the  wastes  for  subsequent  use  or  treatment  Fa 
obtained  from  plant  surveys  giving  kinds,  quantities  and 
of  wastes  are  the  basis  for  the  planning  of  corrective  measures.  The  degice 
of  treatment  necessary,  consistent  with  stream  usage,  can  be  deteimine 
lorn  thrinformation  gathered.  A  list  of  the  common  industrial  wastes 

will  be  found  in  Table  19. 


Utilization  of  Wastes 
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cediire  from  the  industrial  point  of  view.  While  this  may  only  be  feasible 
with  a  limited  number  of  wastes,  experience  of  the  pulp  and  paper  industry, 
for  example,  has  definitely  shown  that  considerable  savings  accrue  by  the 
installation  of  “save-all”  for  white-water  recirculation  systems  in  many 
cases.  Results  of  mill  surveys  indicate  the  practicability  of  keeping  fiber 
losses  under  1  percent  and  volumes  of  waste  below  20,000  gallons  per  ton 
of  product.®^  Progress  has  been  made  in  recovering  proteins  from  meat 
packing  plant  wastes,  cattle  food  from  malt  house  wastes  and  distillery 
slop,  casein  from  milk  waste,  and  other  valuable  by-products  from  pollu- 
tional  wastes  discharged  by  a  number  of  industries.  Improved  evaporating 
and  drying  equipment  for  producing  powdered  whey  should  provide  a  profit¬ 
able  method  for  eliminating  strong  milk  plant  waste  from  city  sewage.  By 
carrying  waste  utilization  to  its  economic  limits,  the  need  for  further  treat¬ 


ment  of  effluents  from  some  industries  before  discharge  into  public  sewerage 
systems  or  water  courses  may  be  eliminated  or  greatly  minimized.  Careful 
operation,  development  of  methods  for  waste  water  re-use,  use  of  wastes 
for  by-product  and  improved  manufacturing  procedures  often  reduces  gen¬ 
eral  industrial  operating  costs  and  also  decreases  stream  pollution. 

The  first  and  most  promising  step  in  solving  various  pollution  problems 
of  industry  is  the  prevention  of  waste  at  its  source.  The  work  should  start 
with  a  careful  study  of  each  step  in  the  manufacturing  process.  The  prepara¬ 
tion  of  flow  charts  or  designs,  is  helpful  in  determining  where  material 
lormerly  wasted  may  be  returned  to  the  process.  The  first  effort  usually 
should  be  directed  toward  reprocessing  or  recirculation  of  wastes,  exhaust¬ 
ing  all  possibilities  of  simple  and  inexpensive  changes  to  effect  direct 

recoveiy  within  the  plant.  Industry  is  actively  developing  procedures  for 
the  utilization  of  its  wastes.®’  i®-  is.  23. 23,  34 


Irade  Waste  Treatment  by  Industry 
A  large  number  of  industries,  having  e.xhausted  possibilities  of  economic 
disposer  problems  of  treatment  and 

theToVowIng  major  attention  are  those  from 

a.ry  pi-oducts,  distilling, 

refinery,  meat  packing,  pulp  and  oaopr  i.  ^ 

hshments.  The  procedures  employed  for ’removal  ofTSf”'^  textile  estab- 
may  be  broadly  classified  as  mech.nil.  1  ^ 

binations  of  thL  basic  iircicecCs  W^  "f- 

wastes.  They  seek  to:  '  treatment  of  the 

remove  sizable  suspended  solids  liy  .screeniiu.-  or 
0.1.  and  solids  l.y  flotation  an<l  sUi^-liing  ’ 
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some  cases  by  chemical  treatment;  remove  colloidal  solids  by  flocculation 
with  chemical  coagulants,  followed  by  settling  and  possibly  filtration; 
neutralize  excessive  acidity  or  alkalinity  by  addition  of  chemicals;  re¬ 
move  or  stabilize  dissolved  solids  by  chemical  precipitation,  or  biological 
processes,  or  combination  of  both;  decolorize  by  chemical  treatment,  with 
settling  or  filtration,  singly  or  in  combination;  and  re-oxygenate  the 
wastes  by  suitable  aeration. 

The  pulp  and  paper  industry  is  an  example  of  one  industry  that  has 
instituted  stream  pollution  control  methods  based  on  the  results  of  studies 
conducted  by  and  for  the  industry.  In  the  sulphite  wood  pulping  process 
about  50  percent  of  the  dry  weight  of  the  wood  and  sulphite  are  dissolved 
in  the  water  liquor.  Screening  and  vacuum  evaporation  of  this  waste  pro¬ 
duces  a  material  suitable  for  fuel.  Some  of  the  other  constituents  such  as 
furfural  and  aldehydes  are  of  value  in  the  chemical  industry.  The  recovery 
of  fiber  by  rotary  vacuum  ‘"savealls”  with  chlorination  of  the  recirculating 
“white  water”  has  reduced  fiber  loss  to  about  1  percent.® 

Screening,  centrifuging  followed  by  evaporation  of  the  slop  from  distillery 
mash  with  subsequent  heat  drying  has  made  possible  the  conversion  of  this 
waste  to  cattle  food.  It  is  profitable  recovery  since  one  million  tons  of  food 
are  sold  yearly  at  a  value  of  $30  per  ton.  In  small  distilleries  this  slop  is 
given  to  the  farmer  to  be  used  as  cattle  food  or  to  be  spread  as  fertilizer, 
procedures  that  are  wasteful  of  the  chemical  constituents  of  the  mash. 

Textile  wastes  consist  of  grease  and  hair  from  wool  scouring;  acid  from 
rayon  filament  baths;  dye  wastes  and  Kier  wastes  from  mercerizing.  Neu¬ 
tralization  of  the  acid  waste  is  now  standard  practice  while  centrifuging  is 
used  to  collect  the  hair  and  grease,  permitting  the  re-use  of  the  water.  Kier 
waste  should  be  treated  separately  either  by  neutralization  with  carbon 
dioxide  directly  or  by  storing  it  in  lagoons  for  several  days  so  that  the 
carbon  dioxide  can  be  absorbed  from  the  atmosphere.  Neutralization  of 
this  waste  is  essential  since  the  high  alkalinity  inhibits  bacterial  and  bio¬ 
logical  life  of  a  stream.  Acid  cracking,  addition  of  calcium  chloride,  and 
chlorination  of  wool  waste  effluents  prior  to  centrifuging  makes  possible 
the  recovery  of  98  percent  of  the  grease.  When  unmarketable  this  greas 
is  burned.  Sulfur  dye  wastes  may  be  clarified  by  coagulation  with  feme 
chloride  and  sedimentation,  and  then  added  to  domestic  sewage. 

Cannery  wastes  are  very  putrescible  and  have  a  high  oxygen  , 

Since  canning  is  a  seasonal  industry  and  facilities  are  frequently  local  y 
owned  it  is  often  difficult  to  persuade  the  canner  to  install  adequate  was^ 
Tov  i^tiuipment.  Screening  of  the  wastes  to  remove  large  ve^W 
mnles  followed  by  lagooning  with  the  application  of  lime  to  neiitializc 
rcXa’ntl  ll-ad' ll"  -dLr  nitrate  to  support  oxidation,  is  common 


practice.  The  effluent 


from  most  lagoons  should  be  treated  further  on  bio- 
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filters  to  produce  a  low  B.O.D.  but  financial  considerations  up  to  now  have 
precluded  this  additional  treatment. 

Liquid  wastes  from  steel  plants  consist  of  water  from  cooling,  coke 
quenching,  and  pickling  liquor.  By-product  coke  plant  liquor  may  also  be 
present.  Of  these  the  coke  plant  and  pickling  liquors  require  treatment. 
Extraction  processes  for  the  recovery  of  phenol  in  the  coke  plant  liquor 
are  based  upon  treatment  with  caustic  soda  and  naphtha  (Koppers  process) 
with  conversion  to  sodium  phenalate  and  phenol.  Phenol  compounds  find  a 
market  in  the  plastics  industry.  The  coke  liquors  may  also  be  used  to 
quench  the  hot  coke  with  volatilization  of  the  phenol.  Small  concentrations 
(20  to  30  ppm.)  of  phenol  may  be  admixed  with  raw  sewage  without  re¬ 
ducing  the  efficiency  of  the  sewage  treatment  process.  Pickle  liquor  con¬ 
taining  about  1  percent  ferrous  sulfate  is  neutralized  and  the  sludge  re¬ 
moved  by  lagooning.  Vacuum  filtration  of  sludge  is  being  introduced  and 
a  new  oxidation  process  has  been  developed  that  precipitates  the  sludge 
very  rapidly.  Disposal  of  pickle  liquor  is  a  problem  of  magnitude  since 
about  686,000  tons  of  ferrous  sulfate  is  discharged  yearly. 

Milk  plant  wastes  have  a  high  B.O.D.  (1300  ppm.)  and  solid  content 
(4500  ppm.)  and  also  become  acidic  due  to  the  formation  of  lactic  acid  from 
souring  by  bacterial  action.  Treatment  by  bio-filtration  produces  a  sta¬ 
bilized  effluent  that  can  be  discharged  with  adequate  dilution  into  streams 
or  other  bodies  of  water. 


Drainage  from  abandoned  coal  mines  is  acid  due  to  the  oxidation  of 
sulfur  by  the  atmosphere  and  the  eventual  formation  of  sulfuric  acid. 
Acid  mine  waters  are  very  corrosive  and  are  a  stream  pollutant.  Elimina¬ 
tion  of  this  drainage  by  sealing  the  mines  to  exclude  air  has  been  practiced 
extensively  m  Kentucky,  Pennsylvania,  Ohio,  Maryland,  and  West 
irginia.  -  27. 42  49  xhis  is  a  current  program,  requiring  several  more  years 
of  work,  but  when  completed  it  will  eliminate  acid  drainage  into  the  rivers 
Tannery  wastes  are  putrescible  and  frequently  contain  toxic  and  cor- 
losive  materials.  Hides  are  pickled  in  brine  or  sulfuric  acid,  dehaired  with 
ime  or  dimethylamine  and  tanned  with  vegetable  substances  or  chromic 
d.  Ihese  wastes  will  be  sufficiently  treated  by  passage  through  primary 
imentation  tanks  with  a  detention  of  8  hours  followed  by  bio-filtration 

inhibh  b-  the  chrome  salts 
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pollution  have  frequently  resulted.  Early  efforts  to  secure  proper  solution 
of  these  industrial  waste  problems  generally  met  with  considerable  opposi¬ 
tion  from  industry  management.  Much  of  the  trouble  encountered  was  due 
to  a  lack  of  a  clear  understanding  between  the  public  and  industrial  plant 
officials  as  to  the  division  of  responsibility.  Nearly  every  industrial  com¬ 
munity  has  this  problem. 

Information  obtained  from  various  state  sanitary  engineers  indicates  that 
there  is  no  uniformity  of  policy  with  respect  to  the  discharge  of  various 


Fig.  73.  A  sealed  abandoned  mine.  (Courtesy,  George  L.  Hall.) 


trade  wastes  into  public  sewerage  systems.  Where  legal  requirements  have 
been  established,  they  have  usually  been  in  the  form  of  authorization 
permitting  some  designated  agency  to  specify  conditions  under  which  use 
may  be  made  of  a  sewerage  system.  The  principal  guiding  factors  from  the 
technical  point  of  view  in  making  decisions  as  to  whether  '“'e  wastes 
should  be  allowed  to  discharge  into  municipal  sewers  are:  freedom  of  uaste 
materials  that  will  adhere  to  sides,  or  deposit  in  .sewers;  exclusion  of  in¬ 
flammable  or  explosive  substances;  absence  of  acids  which  would  injuie  oi 

s— . . 
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sewers,  those  from  packing  houses,  breweries,  metal  plating  plants,  and 
laundries  are  examples  commonly  encountered. 

In  large  cities  the  dilution  given  to  industrial  wastes  by  domestic  sewage 
often  removed  serious  treatment  problems.  Packing  house  wastes  increase 
apiireciably  the  load  on  a  sewage  treatment  works.  (Iffal,  blood,  manure, 
and  hair  is  converted  by  vacuum  evaporation  to  “tankage”  and  utilized 
in  the  commercial  manufacture  of  fertilizer.  However  wash  waters  from 
these  plants  cany  considerable  grease,  blood,  and  other  organic  material 
into  the  sewer,  necessitating  ultimate  disposal  at  the  municipal  treatment 
works.  In  small  municipal  sewage  plants  treatment  of  these  licpiids  by  bio¬ 
filtration  after  primary  sedimentation  of  the  combined  sewage  produces  a 
satisfactory  effluent.  This  process  is  also  used  at  large  packing  houses  prior 
to  discharge  of  the  wastes  into  city  sewers. 

Brewery  waste,  consisting  of  yeast  residue,  bottle  washings,  and  spent 
grain  liquors  are  high  in  B.O.D.  There  is  every  indication  that  recovery  of 
stock  food  from  these  wastes  would  be  profitable.  There  has  been  little 
study  of  this  subject  and  these  liquids  are  usually  discharged  into  the 
municipal  sewer  for  final  disposal  at  the  treatment  works.  This  waste  can 
be  a  considerable  factor  in  the  sewage  treatment  jirocesses  as  is  shown  by 
the  28  breweries  in  Chicago,  Ill.,  which  produce  a  B.O.D.  equivalent  to  a 
population  of  210,000.^® 

Metal  plating  establishments  using  small  town  sewage  systems  or  sepa¬ 
rate  septic  tank  disposal  frequently  cause  serious  pollution  of  small  streams 
by  the  discharge  of  cyanides  into  them.  Since  the  toxicity  of  these  wastes 
can  be  destroyed  by  treatment  with  0  ppm.  each  of  chlorine  and  caustic 
soda  per  ppm.  of  waste,  this  neutralization  at  the  plating  establishment 
should  be  mandatory.  This  action  should  also  be  taken  before  the  waste  is 
discharged  into  large  sewerage  systems. 


Laundry  wastes  are  not  a  problem  in  the  big  city  systems  but  may  be¬ 
come  so  in  the  small  sewage  plant  or  septic  tank.  Under  these  cnnrbtinn« 
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Rental  plans  of  this  type  are  just,  since  they  place  a  share  of  the  in¬ 
crease  in  operation  costs  upon  the  waste  contributor  responsible  for  them. 
Industi  ial  waste  treatment  must  be  considered  as  an  inherent  cost  of  manu¬ 
facturing  comparable  to  that  of  raw  materials  and  labor. 


CONCLUSIONS 

In  the  early  history  of  our  country  when  population  concentrations  were 
low  and  industrial  development  was  still  of  a  pigmy  stature,  need  for  water 
was  not  a  large  order.  Bodies  of  clean  water  were  available  for  satisfactory 
dilution  of  industrial  wastes  which  did  not  interfere  with  the  recreational 
use  of  the  water.  Our  present  high  concentration  of  population  and  industry 
create  a  demand  for  enormous  quantities  of  clean  water.  Quantities  of 
sewage  and  industrial  wastes  have  grown  correspondingly.  The  health 
and  economic  future  of  many  areas  of  the  United  States  depend  upon  the 
preservation  of  our  natural  water  supplies  in  a  clean  state. 

Information  has  been  presented  to  show  the  general  procedures  being 
carried  out  in  the  effort  to  solve  industrial  waste  problems.  The  essential 
approach  lies  in  the  active  cooperation  of  industries  concerned  in  a  program 
consisting  of:  waste  utilization  and  recovery  to  the  greatest  possible  de¬ 
gree;  reduction  of  the  amount  of  waste  products  produced;  and  then,  if  a 
problem  of  pollution  still  exists,  installation  of  any  effective  and  prac¬ 
ticable  method  available  or  capable  of  being  developed  to  treat  and  dispose 
of  the  waste  in  a  satisfactory  manner. 

The  support  of  industrial  management  through  the  many  associations 
conducting  research  and  study  projects  in  pollution  prevention  and  treat¬ 
ment  is  good  evidence  that  industry  is  now  aware  of  its  waste  problems 
and  is  cooperating  to  avoid  unnecessary  pollution  of  the  waters  into  which 
industrial  wastes  must  be  discharged. 
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Chapter  IX 


DISPOSAL  OF  REFUSE  AND  SOLID  WASTES 

“The  efficient  collection  of  municipal  wastes  consists  of  providing  the 
proper  amount  and  character  of  service  in  a  sanitary,  dependable  and 
economical  manner.”® 

^  IMunicipal  vastes  include  garbage,  ashes,  street  sweepings,  dead  animals, 
rubbish  and  trade  wastes.  Of  these  only  the  last  two  require  further  defini¬ 
tion.  Rubbish  includes  paper,  boxes,  boilers,  abandoned  automobiles,  scrap 
iron;  trade  waste  includes  all  of  the  above  as  well  as  waste  building  mate¬ 
rials  and  factory  products. 

While  in  a  large  municipality  the  producer  of  trade  waste  may  be  re¬ 
quired  to  pay  for  the  disposal  of  his  own  product,  he  must,  in  general,  be 
closely  supervised  so  that  the  disposal  is  done  in  accordance  with  the  rules 
for  health  laid  down  by  the  authorities  in  charge. 

There  is  a  wide  variation  in  the  quantity  of  refuse  produced  per  capita  in 
different  municipalities,  just  as  there  is  in  different  seasons  in  the  same 
municipality.  The  characteristics  of  the  inhabitants,  and  the  frequency  of 
collection  are  the  factors  of  greatest  importance,  although  other  influences 
also  exert  an  effect.  The  data  given  in  Table  20  may  be  used  for  estimation 
and  not  as  a  standard  for  any  particular  city.'  Table  21  showing  the  physi¬ 
cal  characteristics  of  refuse  indicates  the  many  variable  constituents. 
Garbage  is  about  25  percent  by  weight  and  18  percent  by  volume  of  the 
total  refuse  collected;  rubbish  is  30  percent  by  weight  and  55  percent  by 
volume,  and  ashes  45  percent  by  weight  and  25  percent  by  volume  of  the 
total  when  collected  separately. 

N.  The  public  health  significance  of  the  disposal  of  refuse  and  solid  wastes 
differs  with  the  nature  of  the  material.  Garbage,  street  sweepings  which 
may  contain  manure,  or  other  wastes  that  may  have  organic  constituents 
are  of  importance  because  they  may  serve  as  food  supplies  for  rats  or  in¬ 
sects.  Dry  refuse,  trade  wastes,  and  rubbish  frequently  harbor  rats  and 
insects  even  though  they  may  not  serve  as  a  source  of  food.  Actually,  it  is 
difficult  to  obtain  a  complete  separation  of  garbage  from  dry  refuse  or  rub¬ 
bish.  The  hazards  from  rats  are  well  known.  Insects  that  may  find  breeding 
haunts  in  garbage  and  refuse  are  the  house  and  blow  flies,  cockroaches,  and 
crickets.  Although  these  insects  may  not  all  present  direct  health  hazards, 
they  can  develop  into  first  class  nuisances.  The  smoldering,  odoriferous  dump 
can  also  provide  numerous  vexatious  complaints  for  the  health  department. 

The  disposal  of  wastes  is  a  governmental  function  and  a  service  demande 
in  every  urban  community.®®  Up  to  the  past  decade  the  usual  method  ot 
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garbage  disposal  was  by  hog  feeding  and  of  rubbish  by  dumping.  With 
the  introduction  of  the  sanitary  fill,  extensive  development  of  incinerators, 
and  improved  collection  trucks  and  procedures,  solid  waste  collection  and 
disposal  has  assumed  its  place  as  a  protective  measure  for  public  health. 

The  present  magnitude  of  the  garbage  and  refuse  disposal  problem  can 
be  measured  by  the  current  need  for  new  facilities.  1  he  United  States 
Public  Health  Service,  in  1946,  made  a  nation-wide  survey  of  needed  sani- 

TABLE  20 

Garbage  and  Refuse  Collection  and  Disposal 
Data  Sheet 


Quantities  Produced:  (Median) 

Garbage . 

Rubbish . 

Ashes . 

Total  Combustible . 

Total  Incombustible . 


0.7  Ibs./capita/day  900  Ibs./cu.yd. 
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Character  of  Collection; 


Garbage .  70%  moisture  10%  ash  20%  combustible 

Rubbish .  13%  moisture  17%  ash  70%  combustible 


TABLE  21 


Combustible  Characteristics  of  Municipal  Refuse  in  Percent* 


Component 

Moisture 

Organic 

Combustibles 

Ash 

B.t.u.  per 
Pound 

Garbage . 

70 

20 

10 

2,000 

Rubbish . 

13 

70 

17 

7,000 

Ashes . 

1 

35 

64 

3,500 

Street  sweepings . 

36 

25 

39 

Mixed  refuse . 

42 

33 

25 

4,000 

*  Courtesy  of  Henry  W.  Taylor,  Consulting  Engineer,  New  York,  N.  Y. 


tation  facilities.  This  survey  showed  that  there  were  immediate  needs  of  at 
least  1090  incinerators  and  the  establishment  of  5549  sanitary  land  fill 
installations.  The  estimated  costs  of  these  two  items  was  in  excess 
of  $100,000,000.  In  addition,  more  than  12,000  trucks  and  land  fill  sites 
were  required  to  the  extent  of  $70,000,000  in  valuation.^i 


Garbage  and  Refuse  Collection 

About  75  cities  have  instituted  service  charges  for  refuse  and  garbage 
collection  as  noted  in  Table  22.  These  fees  are  collected  from  the  person 
living  in  the  house  or  apartment  unit  and  actually  constitute  an  increased 
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tax  levy.  When  service  is  suspended  due  to  delinquent  accounts,  sanitary 
hazards  develop  and  good  public  relations  fail.  It  is  therefore  questionable 
if  collection  fees  enhance  the  basic  object  of  refuse  disposal,  namely  health 
piotection,  since  people  will  resent  and  seek  to  evade  service  charges  when 
coopeiation  is  easily  obtained  with  “free”  service.  Refuse  collection  and 
disposal  costs  should  be  a  part  of  the  general  tax  levy  and  not  singled  out 
as  a  fee  service. 


TABLE  22 


A  Partial  List  of  Cities  Charging  Rubbish  Collection  Fees 


City 

Cost  Family  Unit 

Cost  Business  Establishment 

Columbus,  0. 

$4.00  yearly 

Garbage  $.02  gal.,  refuse 
$0.10  bbl. 

Youngstown,  0. 

0.50  weekly* 

Additional  fee  in  excess  30  gals, 
wkly. 

Portsmouth,  0. 

0.60  monthly* 

$.25  per  30  gal.  can  refuse  & 
ashes 

Dallas,  Tex. 

0.90  monthly 

$1.00  to  $2.00  per  month 

San  Francisco,  Calif. 

0.40-1.75  weekly 

Stockton,  Calif. 

0.50-1.75  weekly 

$0.75-$6.00  per  week 

Palo  Alto,  Calif. 

0.65-3.00  month 

Flat  monthly  charge  based  on 
quantity 

Fresno,  Calif. 

0.45-0.80  month 

Lansing,  Mich. 

2  year  as  can  rental 

Miami,  Fla. 

4.00  yearly 

Oklahoma  City,  Okla. 

1.50  quarter 

Rochester,  Minn. 

0.10  weekly 

Sacramento,  Calif. 

0.50  monthly 

Tacoma,  Wash. 

0.35  monthly 

$0.08  each  30  gal.  can 

Little  Rock,  Ark. 

1.00  quarter 

*  Garbage  only. 

References;  Smith,  Chester  A.,  Eng.  News  Rec.,  Apr.  10,  1941  p.  534;  June  3,  1943 
p.  822;  January  30,  1947  p.  168. 


Frequency  of  Collection.  Garbage  collections  vary  from  daily  to  once 
a  week  in  frequency.  The  usual  norm  is  twice  weekly.  When  separate 
collections  are  made  for  rubbish  and  ashes,  they  are  made  at  about  the 
same  intervals  as  those  for  garbage.  A  recent  study'  disclosed  that  of  all 
the  cities  reporting  (almost  200,  divided  into  5  different  population  groups 
65  percent  collect  garbage  and  refuse  on  the  same  schedule.  The  mterva 
between  garbage  collections  should  not  exceed  10  days  so  that  fly-breeding 
in  the  collection  can  is  prevented.  Daily  collections  from  commercia 
properties  is  normal  procedure,  although  it  is  also  customary  to  make  specia 
charges  for  this  extra  service.  Whatever  the  interval,  it  is  important  that 

the  schedule  be  kept. 
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It  is  frequently  desirable  to  require  the  householder  to  separate  wastes 
prior  to  collection.  When  incineration  is  used  as  the  final  disposal  method, 
segregation  of  ashes  and  non-combustibles  from  refuse  and  garbage  is  im¬ 
portant.  Separation  of  garbage  from  other  wastes  is  necessary  for  hog  feed¬ 
ing  or  reduction  procedures.  With  disposal  in  a  sanitary  fill  or  dump,  sepa¬ 
ration  is  not  usually  required  and  all  refuse  is  collected  together.  In 
commercial  areas  garbage  and  refuse  are  generally  sepal  ated  from  ashes 
and  other  trash. 

Many  cities  require  that  garbage  be  wrapped  in  paper  before  being  placed 
in  the  container.  This  is  very  satisfactory  since  it  requires  that  the  garbage 
be  drained  prior  to  wrapping  and  the  containers  are  therefore  kept  cleaner. 
Wrapped  garbage  is  objectionable  for  hog  feeding  and  the  reduction  process, 
but  acceptable  for  all  other  disposal  methods.  Lining  of  garbage  pails  with 
paper  for  wrapped  or  unwrapped  garbage  is  widely  practiced. 

Containers.  IMetal  containers  with  tight  fitting  lids  are  often  required 
in  cities  for  garbage  and  refuse  containers.  They  should  be  water  tight, 
fly-tight,  easy  to  wash  and  keep  clean  and  convenient  to  handle.  Since  the 
prevention  of  rodent  feeding  is  one  of  the  important  reasons  for  proper 
garbage  disposal,  all  containers  should  be  proof  against  rodent  entry.  The 
size  of  the  container  varies  with  the  type  of  refuse.  A  10  gallon  can  for 
garbage  is  adequate  for  each  family  with  semi-weekly  collection  and  a 
20  to  30  gallon  can  should  be  satisfactory  for  rubbish  and  ash  containers. 
Oil  drums  should  not  be  used  because  they  are  too  large  to  handle  easily 
when  full. 

Containers  are  usually  furnished  by  the  householder  although  in  apart¬ 
ment  houses  the  owner  is  frequently  held  responsible  for  providing  them. 
INIetal  cans  will  last  about  3  years,  if  kept  clean  with  hot  water  and  a  de¬ 


tergent.  Use  of  lysol  or  a  similar  disinfectant  is  good  practice  since  it  elimi¬ 
nates  bad  odors.  The  disinfectant  must  not  be  substituted  for  cleaning. 
Dirty  garbage  cans  are  prolific  breeding  places  for  flies. 


Collection.  Except  where  service  charges  are  levied,  quantity  collec¬ 
tion  limitations  are  not  widely  applied  to  residential  sections.  In  commercial 
zones  various  limits  for  free  service  are  imposed  such  as  “1  barrel,  cubic 
yard,  reasonable  amount,  or  day  by  day  accumulations.”^ 

Alley  refuse  collection  with  the  containers  located  at  the  property  line 
IS  the  most  practical.  Frequently  alleys  are  too  small  to  permit  modern 
collection  trucks  to  operate  or  they  do  not  exist  in  newer  parts  of  cities  and 
curb  col  ection  must  be  used.  Containers  should  be  emptied  directly  into 
the  trucks  and  replaced  at  the  point  of  origin.  To  avoid  unsightly  streets 
citizens  should  know  the  approximate  time  that  the  collection  truck  will 
come  to  their  premises  and  they  should  be  encouraged  to  put  garbage  and 
refuse  out  for  collection  shortly  before  that  time  and  to  removrthe  eon- 
tamers  as  quickly  as  possible  thereafter. 
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The  collectors  are  held  responsible  for  not  scattering  any  material  during 
loading  or  after  it  has  once  been  put  into  the  truck.  Brooms  and  shovels 
should  be  carried  to  remove  anything  that  has  been  spilled.  During  windy 
days  the  trucks  should  be  closed  even  during  short  trips  between  collection 
points  and  always  closed  when  a  load  is  taken  to  the  point  of  final  disposition. 

Fredericksburg,  Va.,  rents  the  cans  to  the  patron.  The  filled  can  is  re¬ 
placed  with  a  clean  one  by  the  collector.  Refuse  is  incinerated  and  the  cans 
are  cleaned  at  the  incinerator.  Trucks  carry  special  decks  on  the  side  to 


Fig.  74.  Obsolete  type  refuse  collection  truck 


hold  the  empty  clean  cans.^  Other  cities  have  a  similar  arrangement.  An 
ordinance  in  Baltimore,  i\Id.  reciuircs  that  all  cans  be  of  metal  and  have 
tight  lids,  with  a  penalty  for  non-compliance.  This  is  enforced  by  a  “sani¬ 
tary  squad”  of  20  men  from  the  police  department.  The  squad  covers  a 
given  section  of  the  city  each  day  and  has  been  a  large  factor  in  keeping 

the  streets  free  of  litter.  ,  ,  ,  .  i. 

Yehichs.  Collection  equipment  inchicles  wagons,  standard  dump  trucks, 
trailers,  and  specially  developed  enclosed  bodies  with  “trimming  loadmg 
machinery.  Trucks  for  refuse  collection  are  used  by  9fi  percent  of  the  cities 
in  the  United  States.’  The  basic  principle  in  modern  design  is  to  prevent 
trash  from  spilling  over  the  streets;  to  avoid  physical  strain  by  the  col- 
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lectors  in  loading;  to  eliminate  objectionable  odors  as  the  trucks  move 
through  the  city;  and  to  provide  economical  means  for  trucking. 

The  rear  end  dump  truck  with  high  sides  and  open  top  is  obsolete  since 
it  is  responsible  for  many  hernia  cases  among  the  collectors.  When  this  type 
of  truck  is  used,  the  height  of  the  sides  should  not  exceed  4  feet  6  inches  or 
a  “shaker  man”  should  ride  in  the  truck  to  receive  the  cans  and  distribute 
their  contents  in  the  truck.  A  shaker  man  is  essential  if  mechanical  loading 
is  not  provided. 


Fig.  75.  Modern  “packer”  refuse  collection  truck 


Refuse  collection  vehicles  must  be  adapted  in  size  and  capacity  to  local 

conditions.  Then-  capacity  should  permit  collection  of  a  certain  number  of 

u  loads  per  8  hour  day  by  the  crew  assigned.  Enclosed  steel  bodies  are 

t  esirable  and  may  be  used  for  both  refuse  and  ashes.  One  type  in  common 

use  IS  equipped  with  rolling  side  doors  to  reduce  the  maximum  lift  by  the 

collectors.  This  relatively  low  body  type  is  useful  for  garbage  whore  We 

capacity  is  not  necessary  in  relation  to  cubical  content.  Several  types  of 

enclo.sed  trucks  are  provided  with  mechanical  devices  for  handlinrand 

compacting  the  material.  This  equipment  makes  possible  a  reason-  lyl.rrae 
capacity  unit  with  low  loading  height.  edsonaPly  lai  ge 
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The  New  York  City  model  uses  a  screw  conveyor  to  carry  the  refuse  from 
an  end  hopper  into  the  truck  body.  A  new  popular  unit  which  loads  and 
consolidates  the  refuse  consists  of  a  back  loading  compartment  from  which 
a  mechanically  operated  gate  sweeps  the  material  into  the  truck.  When  the 
body  becomes  partially  filled  the  gate  plunger  continues  to  push  the  refuse 
forward,  compacting  it. 

Refuse  collection  trucks  are  equipped  with  hydraulic  hoists  and  back 
end  gates  for  the  discharge  of  their  contents.  The  plunger  compacting  trucks 


Fig.  76.  Removable  hulk  container  refuse  unit  and  chassis 


are  similarly  equipped  with  the  back  converted  to  an  end  dump  type  by  a 
manual  locking  device.  Removable  bulk  container  units  to  be  carried  on  a 
chassis  frame  have  been  developed  for  the  handling  of  refuse  from  markets 
and  similar  places.  These  units  may  be  advantageously  used  where  6  to  8 
cubic  yards  or  more  accumulate  between  collection  periods. 

Collection  equipment  must  be  cleaned  with  water  under  pressure  at  le 
end  of  each  day.  Cleaning  after  each  load  has  been  dumped  is  practiced 
in  some  cities.  At  weekly  intervals  the  liodies  should  be  scrubbed  with  a 
detergent  and  with  steam  under  pressure  to  remove  accumulated  gieas  . 

Coflections  by  commercial  enterprise  under  contract  to  the  niiinicipah  y 
have  boon  successful  in  many  instances.  If  the  agreeinent  is  carefully 
drawn,  and  provides  for  specific  services  to  be  rendered,  for  a  given  fee. 
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and  if  the  contract  is  awarded  liy  open  competitive  bidding,  the  service 
furnished  can  lie  satisfactorily  and  efficiently  conducted.  Contracts  should 
he  for  a  minimum  of  5  years  and  should  include  a  bond  for  a  reasonable  sum 
to  be  collected  by  the  city  should  the  scavenger  not  meet  the  terms  of  his 
contract. 


REFUSE  DISPOSAL 

Incineration,  hog  feeding,  sanitary  fill  and  open  dumps  are  the  principal 
methods  of  refuse  and  garbage  disposal.  Hog  feeding  and  the  open  dump  are 
the  “time  honored”  methods  for  disposal  and  at  one  time  or  another  have 
been  utilized  by  every  municipality. 

The  methods  of  disposal  reported  in  1949  by  200  cities  have  been  tabu¬ 
lated  by  the  American  Public  Works  Association.^®  This  shows  the  following 
distribution ; 


Population 

Group  of  City 

No.  of  Cities 
Answering 

Open 

Fill 

Sanitary 

Fill 

Incin¬ 

erator 

Hog 

Feeding 

Reduction 

500,000  and  over 

12 

1 

8 

8 

5 

— 

100,000  to  500,000 

30 

2 

17 

14 

11 

3 

50,000  to  100,000 

21 

4 

9 

7 

7 

1 

25,000  to  50,000 

23* 

5 

9 

7 

11 

10,000  to  25,000 

41* 

9 

15 

12 

12 

_ 

5,000  to  10,000 

73 

38 

14 

7 

17 

— 

Total . 

. .  .  200 

59 

72 

55 

63 

4 

*  One  city  grinds  garbage  and  disposes  of  it  in  sewage  treatment  plants. 


Dumps 


The  dumping  of  garbage  in  isolated  locations  is  widely  used.  It  is  com¬ 
monly  piacticed  wheie  waste  land  is  within  a  reasonable  haulage  distance. 
Open  dumps  are  breeding  places  for  rats  and  vermin,  constitute  a  fire 
hazard  with  smoke  and  odor  nuisance,  and  should  not  be  tolerated.  Dis¬ 
posal  of  ashes  in  swampy  and  low  lying  areas  is  satisfactory  and  does  not 
create  a  nuisance. 


Ihe  sorting  of  rubbish  iLarticularly  on  large  dumps  attracts  a  certain 
number  of  individuals  who  m  some  instances  actually  live  in  shacks  on  the 
c  ump.  This  situation  is  messy  and  a  sanitary  hazard  since  pickers  scatter 
the  garbage  and  refuse,  making  disposal  unsatisfactory. 

for  several  years  dumped  garbage  and  refuse  in  the 
Atlantic  Ocean  beyond  territorial  waters.  Seattle,  Wash,  has  discharged 
similar  matw-ial  into  Puget  Sound  since  about  1890.  The  states  of  New 

treaty  Supreme  Court  against  New 

k  Ulty  in  1931  for  an  injunction  restraining  the  City  from  dumping  in 

le  sea  since  great  quantities  of  obno.xious  material  were  cast  upon  the 
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beaches  of  the  t^^o  states  creating  a  nuisance  and  injury.  This  injunction 
^\as  gi anted  and  the  method  of  disposal  was  abandoned.  The  City  now  uses 
incineration  and  land  fill. 


Reduction 

Garbage  is  reduced  by  cooking  it  with  steam  in  large  kettles  to  obtain 
grease  and  cattle  food  products.  After  digestion  the  water  is  cooled  in 
large  vats  from  which  the  grease  is  skimmed,  and  extracted  by  filter  presses 
or  vacuum  centrifuges.  Additional  grease  is  extracted  from  the  filter  cake 
hy  organic  solvents.  The  cake,  and  in  some  instances,  the  residue  from 
evaporation  of  the  water  are  salable  as  tankage  for  fertilizer  manufacture. 

Reduction  plants  unless  properly  designed  and  efficiently  operated  pro¬ 
duce  objectionable  odors  from  the  digestion  vats,  requiring  constant  super¬ 
vision.  Unless  the  market  price  for  grease  is  above  normal,  reduction  proc¬ 
esses  are  uneconomical.  The  plant  at  Indianapolis,  Ind.  reported  in  1941 
the  production  of  1,200,000  pounds  of  grease,  795  tons  of  cattle  feed  and 
3000  tons  of  tankage  from  30,000  tons  of  garbage.  Washington,  D.  C.  re¬ 
ported  profitable  grease  sales  from  20,000  tons  of  garbage  during  the  war.^^ 
A I  any  reduction  plants  have  been  abandoned  as  unprofitable  to  operate 
or  as  odor  nuisances. 


Hog  Feeding 

Hog  feeding  has  been  carried  on  for  years  and  persists  in  those  locations 
where  it  has  gained  a  foothold  but  it  is  generally  true  that  there  are  not 
many  new  projects  being  undertaken.  Counteracting  all  its  advantages  is 
the  definite  disadvantage  that  the  most  careful  separation  of  mateiials  is 
necessary  since  the  hog  must  be  fed  on  garbage  from  which  all  lubbish, 
tinware,  glassware,  and  other  deleterious  material  has  been  lemoved.  In 
view  of  the  fact  that  the  household  rubbish  collection,  combined  with  the 
street  sweepings,  is  a  problem  of  almost  equal  importance  to  garbage  collec¬ 
tion,  the  hog  feeding  solves  only  half  the  problem  at  best.  Even  with  care¬ 
ful  sorting  of  garbage,  a  large  proportion  is  uneaten  by  the  hogs.  The  por¬ 
tion  uneaten  must  be  disposed  of  in  some  fashion.  The  principal  objectmn 
to  feeding  garbage  to  hogs  is  the  high  incidence  of  trichinosis  infestation 

among  such  hogs.  ,  „  ,  •  • 

Feeclins  of  hogs  should  be  under  tl.e  control  of  the  municipality  and 

the  size  of  the  herd  must  be  sufficient  to  consume  the  maximum 
of  summer  garbage.  A  ton  of  garbage  per  day  will  be  consumed  by 
animals  including  pigs  and  sows.  This  should  provide  enough  food  for  each 
iinimal  to  gain  in  weight  one  pound  a  day.  .\n  acre  of  land  will  accommoda  e 
.50  hogs  or  2  acres  per  ton  per  day  of  garbage  is  required. 

Location  of  hog  farms  should  be  within  reasonable  haulage  distance  but 
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in  isolated  areas  to  prevent  local  nuisance  and  complaint.  Usually  the  farm 
is  about  5  to  10  miles  from  the  contributing  town.  Conditions  on  hog  farms 
can  be  made  sanitary  with  well-designed  feeding  platforms,  with  water 
under  pressure  for  cleaning,  and  with  inedible  wastes  burned  or  buried, 
as  at  Los  Angeles,  Calif,  and  elsewhere.^®  However,  too  often  hog  farms 
degenerate  into  mud  wallows  with  messy  feeding  troughs  and  subsequent 
bad  odors,  and  consequent  conflict  with  local  nuisance  laws. 

The  importance  of  the  garbage-fed  hog,  as  the  source  of  human  trichino¬ 
sis,  was  reported  by  Mark^  who  in  1889  showed  the  relative  importance  of 
raw  and  incompletely  cooked  pork  scraps  in  garbage  as  the  important  source 
of  the  parasite  causing  the  disease.  The  common  occurrence  of  these  scraps 
in  garbage  and  swill  and  the  subsequent  eating  of  them  by  large  numbers 
of  hogs  are  well  estabished  facts.  The  feeding  to  swine  of  such  scraps  con¬ 
stitutes  “a  dependable,  large  scale,  year  I’ound  source  of  trichinae  for 


swine.” 

Since  it  has  been  definitely  established  that  pork  garbage  scraps  are  the 
direct  source  of  ti-ichinosis  in  swine,  all  garbage  fed  to  swine  should  be 


cooked  to  remove  this  danger.  Recent  experiments  have  shown  that  garbage 
must  be  boiled  for  30  minutes  in  an  open  container  to  kill  trichinae  in  pork 
pai tides  3  inches  thick. ^  The  United  States  Quarantine  Regulations  now 
require  that  garbage  fed  to  hogs  for  interstate  shipment  must  be  boiled  at 
212°F.  for  30  minutes.^®  Cooked  garbage  is  a  messy  liquid  gruel,  difficult  to 
handle,  and  has  a  high  non-edible  residue.  Until  vacuum  or  other  drying 

processes  are  adapted  to  this  problem,  hog  feeding  with  cooked  garbage  will 
not  be  popular. 

In  spite  of  the  disadvantage  of  disposing  of  garbage  by  feeding  it  to  hogs 
a  recent  survey  by  the  United  States  Public  Health  Sei^dce  disclosed  the 
fact  that  52  percent  of  703  cities  having  a  population  in  excess  of  10  000 
feed  garbage  to  hogs.  It  seems  evident  that  “the  situation  today  indicates 
that  methods  of  garbage  disposal  have  not  kept  pace  with  the  marked 

oO'e'-  nt-tnicipal  .sanitary 


Sanitary  Fill 

This  operation  consists  of  dumping  garbage,  refuse  and  ashes  in  layers  of 
strolled  depth  and  width  into  trenches  or  depressio.ts,  and  col  W  ho 

since  1932,  to  reclaim  low  land  or  tide  water  marslies.  UtilizatTon  of  \he 
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trench,  cell,  and  cover  method  without  compaction  of  the  garbage  was 
developed  at  Fresno,  Calif,  in  1935.“  Land  filling  operations  with  garbage 
and  refuse  and  the  abandonment  of  11  incinerators  was  undertaken  by 
New  York  City  in  1937  and  created  considerable  local  controversy,  resulting 
in  the  indictment  of  the  Sanitation  and  Health  Commissioners  for  creating 
a  nuisance. This  indictment  was  dismissed  and  the  question  referred  to 
an  arbitration  board  of  nationally  known  health  officials'®  who  approved 
the  use  of  sanitary  fills  under  the  following  conditions: 

“1.  The  disposal  of  wastes  by  the  landfill  method  should  be  planned 
as  an  engineering  project.  Operation  and  maintenance  should  be  under 
the  direction  of  a  sanitary  engineer. 

2.  The  face  of  the  working  fill  should  be  kept  as  narrow  as  is  consistent 
with  proper  operation  of  trucks  and  equipment  in  order  that  the  area  of 
waste  material  exposed  during  the  operating  day  be  minimal. 

3.  The  exposed  surface  should  be  covered  with  earth  as  promptly  as  is 
consistent  with  proper  operation  and  at  the  close  of  each  day’s  operation 
both  the  surface  and  the  face  of  the  fill  should  be  completely  covered, 
the  object  being  to  make  a  closed  cell  of  each  day’s  deposit. 

4.  Sufficient  standby  equipment  should  be  provided  to  prevent  delay  in 
covering,  due  to  break  down  or  peak  loads. 

5.  Waste  building  material,  concrete  or  other  bulky  waste  material  Avhich 
may  furnish  rat  harborage  should  not  be  used  for  the  final  surface  or 
side  slopes,  but  should  be  promptly  incorporated  within  the  fill. 

6.  The  final  covering  for  surface  and  side  slopes  should  be  maintained 


at  a  depth  of  approximately  24  inches. 

7.  In  case  the  finished  fill  has  a  boundary  side  slope,  the  toe  of  the  slope 
should  terminate  in  a  sand  and  gravel  filled  ditch.  This  will  prevent 
raveling  of  the  toe  with  exposure  of  some  of  the  waste  material,  A\ill 
prevent  the  burrowing  of  rodents,  and  finally  will  obviate  puddles  by 
permitting  seepage  from  the  fill  to  be  absorbed  into  the  giound. 

8.  Spraying  of  the  exposed  waste  material  and  adjacent  surfaces  should 

be  used  when  necessary  to  allay  dust. 

9.  As  a  rule,  the  layer  of  refuse  should  not  exceed  an  average  depth  of 
about  8  feet  after  compacting.  When  deeper  fills  are  necessary  the  filling 

should  be  carried  on  in  stages.  •  -  •  j 

10.  Control  over  the  blowing  of  paper  should  be  adequately  maintained 

bv  the  use  of  movable  snoAV  fencing.  ,  •  u  f 

11.  While  the  maintenance  of  proper  earth  covering  as  hereinbefore 
recommended  will  to  a  large  extent  prevent  fires,  water  under  pressure 
.should  be  available  for  fire  fighting  purposes.  If  scavengers  are  tolerated 
they  should  be  adequately  supervised. 

12  All  collections  of  surface  water  resulting  from  these  landfill  operations 
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should  be  drained,  filled  or  treated  with  effective  chemicals  to  prevent 
mosquito  production  or  allay  odors. 

13.  Where  necessary,  effective  steps  should  be  taken  to  prevent  floatage 


of  waste  material  into  open  water. 

14.  Inspection  for  and  control  of  rodents  should  be  maintained  until  the 
fills  are  stabilized. 

15.  After  the  active  period  of  filling  operation  is  completed  a  main¬ 
tenance  program  should  be  continued  until  the  fill  has  become  stabilized 
so  as  to  insure  prompt  repair  of  cracks,  depressions  and  erosion  of  the 
surface  and  side  slopes. 

16.  Studies  of  the  varied  problems  involved  in  land  fill  operations  should 
be  continued  and  should  include  researches  into  the  biological,  chemical 
and  physical  activities,  as  well  as  the  engineering,  economic  and  adminis¬ 
trative  aspects.” 

Advantages  in  the  use  of  sanitary  fills  are  the  reclamation  of  waste  land; 
the  elimination  of  the  need  for  segregation  of  rubbish  components  in  gar¬ 
bage;  and  where  not  affected  by  long  hauls,  low  costs  of  collection.  Wlien 
properly  made  these  fills  do  not  offer  rodent  harborage,  are  odorless,  and 
present  a  minimal  fire  hazard. 


A\ 


Se^'en-tenths  of  an  acre  is  required  per  year  for  each  10,000  population 
dien  the  garbage  and  rubbish  is  compacted  to  a  depth  of  8  feet.  Deep 
trenches  do  not  compact  uniformly  and  when  used  should  be  developed  in 
stages  allowing  the  initial  fill  to  settle  for  several  years  before  a  second  layer 
of  material  is  added  to  it.  The  face  of  the  fill  at  which  dumping  occurs  should 
be  kept  as  narrow  as  practicable.  The  top  cover  should  have  sufficient 
grade  to  provide  surface  drainage. 

The  face  of  the  fill  is  e.xtended  outward  each  day  by  dumping  and  the 
rnatenal  leveled  off  with  a  crawler  tractor  ecpiipped  with  a  “bull  clam” 

^  secured  by  passing  this  equipment  back  and  forth 

over  the  fill  and  cover  is  obtained  by  scraping  earth  in  place  with  the  blade 
Fill  should  be  compacted  at  least  one  third  of  its  original  volume  after 
dumpmg  No  less  than  2  feet  of  cover  should  he  placed  on  the  top  and 
sides  of  the  fill,  with  at  least  one  foot  of  cover  on  the  face  of  the  fill  at  the 
d  of  woik  each  day.  Ihis  prevents  rat  harborage  since  the  rodents  will 
not  burrow  more  than  12  inches  below  the  surface;  it  also  provides  sufficient 

ane  and  resultant  firerTemperliumrin'^^^^ 

nils.  Ir.st.lt.ti . .  iitmii^'hrV'mi“I,r 'iT  I"  fill  s.iilt..iy 

Vo* ~.*i  -  stor—i  r. 
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workmen  left  the  job  and  nearby  residents  complained.^  To  avoid  the 
possibility  of  fire  the  temporary  houses  built  on  the  area  were  constructed 
with  a  vented  air  space  beneath  them  and  their  floors  were  sealed  with  an 
aluminum  foil  membrane. Such  conditions  are  to  be  expected  since  it  has 
been  demonstrated  that  all  organic  materials  may  not  decompose  in  fills 
and  that  when  the  sealed-in  oxygen  is  used,  decomposing  action  ceases. 
Excavations  at  San  Francisco,  Calif,  have  disclosed  the  presence  of  undecom¬ 
posed  leaves,  citrus  fruit  rinds,  paper,  etc.  after  10  years  burial.^® 


ONE  TRACTOR  PERFORMS 
ALL  OPERATIONS 

(T)  Digging  future  trench  -  top  soil 
obtained  is  used  for  covering 
Pushing,  piling,  and  compacting 

©refuse 

.Covering  compacted  refuse 
Fly,  rat,  and  odor  nuisances  are  eliminated 


Dark  area  is  filled  earth 

I - i  Gray  area  is  compressed 

refuse 

1  i  White  area  is  undisturbed 
earth 

.....  Dotted  line  indicates  former 
groimd  line 


Fig.  77.  Schematic  view  of  a  sanitary  fill.  (Courtesy,  Clarence  W.  Klassen,  Il¬ 
linois  Department  of  Public  Health.) 

Settlement  of  the  fill  area  proceeds  at  a  rate  of  one  foot  for  each  5  feet 
depth  of  garbage  and  refuse  in  the  first  6  months  and  an  additional  half  foot 
after  2  to  4  years  until  stabilization  is  reached.  After  settlement  is  com¬ 
plete,  fills  may  be  grassed  and  used  for  parks  and  other  recreational  areas 

or  for  very  light  construction  purposes. 

Skilled  supervision  is  necessary  for  the  proper  maintenance  of  a  sanitaiy 
fill  Where  considerable  waste  ground  is  available  within  reasonable  hau  ag 

Stance  of  the  city,  use  of  a  sanitary  fill  is  for  - 

sidered  for  long  range  planning  or  as  a  permanent  leplacement  for 

m  is  not  inexpensive  so  budgets  should  include 

allowances  for  equipment,  labor,  operation,  and  maintenance. 
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Incineration 


The  purifying  properties  of  fire  extend  to  garbage  disposal  wheie  in¬ 
cineration  is  one  of  the  standard  methods  of  treatment.  Theie  can  be  little 
doubt,  considering  technical  factors,  that  it  provides  the  most  satisfactoiy 
method  of  disposal.  The  principal  negative  factor  is  its  expense.  Laige 
cities,  such  as  New  York  City,  are  reaching  the  point  where  vacant  land 
areas  available  for  sanitary  fills  are  located  farther  and  farther  from  the 
city  centers  of  population.  This  means  that  the  expense  of  hauling  the  loads 
of  garbage  and  refuse  to  the  land  fill  sites  are  such  that  financing  of  in¬ 
cinerators  is  able  to  compete  with  this  normally  cheaper  method.  Incinera¬ 
tion  does  not  eliminate  all  possible  nuisance  features  from  garbage  disposal, 
but  it  is  better  from  this  viewpoint  than  any  other  method. 

Changing  habits  of  everyday  living  are  reflected  in  the  changing  char¬ 
acteristics  of  garbage.  The  increase  in  the  use  of  pre-packed  frozen  vege¬ 
tables  and  fruits  means  that  much  of  the  garbage  resulting  from  the  prepara¬ 
tion  of  these  products  is  collected  at  the  processing  plant.  Domestic  waste 
has  less  garbage  now  than  it  had  10  years  ago.  This  means  a  decrease  in  the 
volume  and  weight  of  household  waste. 

Likewise  the  widespread  use  of  canned  foods  results  in  large  quantities 
of  empty  containers  appearing  in  garbage.  In  some  areas  50  percent  of  the 
residue  from  incinerators  consists  of  tin  cans.  This  large  volume  of  cans  pre¬ 
sents  possible  rodent  nesting  or  mosquito  breeding  sites  when  they  are  dis¬ 
carded  on  the  dumps.  Crushing  the  cans  reduces  their  volume  by  85  percent 
— or  the  total  residue  by  40  percent.^® 

Incinerator  capacity  varies  from  10  to  700  tons  per  24  hour  day.  The 
incinerators  are  equipped  with  sufficient  furnaces  to  operate  at  150  percent 
of  rated  capacity  for  limited  periods  of  time.  Temperatures  are  kept  be¬ 
tween  1400°F.  and  2000°F.,  and  are  not  allowed  to  drop  below  1200°F. 
Furnace  capacity  ranges  from  5  to  250  tons  of  garbage.  Occasionally  aux- 

iliaiy  fuel,  coal,  wood  or  oil  is  used  to  maintain  required  temperatures 
Figure  79. 


The  refuse  receiving  bin  should  have  a  capacity  equal  to  an  operating 
day  and  be  located  below  grade  of  the  driveway  to  permit  the  trucks  to 
dump  directly  into  it.  A  drain  must  be  provided  for  the  discharge  of  liquids 
and  water  under  pressure  must  be  available  for  cleaning. 

Garbage  and  refuse  is  placed  on  the  charging  floor  or  into  the  hoppers 
by  crane  operated  clam  shell  buckets.  A  two-rail  crane  should  be  used 
wherever  possible.  Relatively  high  speeds  for  the  elevating  mechanism 

canaeitvTn  m 
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One  of  the  principal  duties  of  a  skillful  incinerator  crane  operator 


is 
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proper  “feeding”  of  the  hoppers  with  a  well  balanced  charge.  In  spite  of 
the  fact  that  garbage  and  rubbish  are  theoretically  collected  together,  there 


will  be  large  masses  of  green  vegetables  or  paper  that  will  not  be  mixed  uni¬ 
formly  in  the  delivered  wastes.  Two  or  three  bucketsfull  of  fresh  corn  husks 
are  sufficient  to  put  out  a  hot  fire  or  reduce  it  to  a  mere  smolder.  On  the 
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other  hand  a  constant  feeding  with  newspaper  and  cardboard  will  generate 
a  flame  so  hot  that  it  will  injure  the  brickwork,  while  at  the  same  time  fly 
ash  will  be  emitted  from  the  stack  causing  a  nuisance  at  a  considerable  dis¬ 
tance  from  the  plant.  The  craneman,  it  he  uses  judgment,  can  furnish 
material  which  will  keep  the  proper  type  of  fire,  while  the  furnaceman  will 
receive  with  each  hopper  load,  a  selection  of  materials  from  which  he  can 
rake  down  onto  the  grate  what  is  needed  for  the  best  results. 

Hoppers  and  Furnaces.  After  the  garbage  and  refuse  have  been  de¬ 
livered  to  the  charging  floor  hopper  men  with  long  iron  hoes  manipulate 


IiG.  79.  Stoking  a  refuse  incinerator 


the  refuse  so  that  it  does  not  get  jammed  at  the  narrow  throat  leading  to 
the  furnace.  The  hopper  is  separated  from  the  furnace  by  a  door  which  may 
be  controlled  either  by  the  furnace  stoker,  the  hopperman,  or  both.  A  satis- 
hictory  operation  may  be  assured  when  the  furnaceman,  sometimes  called 
fireman  or  stoker,  controls  the  door  by  a  suitable  mechanism,  electric  or 

hydraulic,  and  permits  as  much  material  to  fall  into  the  fire  box  as  can  be 
burned  at  one  time. 


Furnace  design  is  determined  by  the  various  manufacturers  There  are 
however  certain  basic  requirements  that  must  lie  incorporated  into  t,hem 

1  “™nf  r  77  ™  garbage 

tetween'i2  TV’“' cliamber  capacity 

between  12  and  15  cubic  feet  per  ton.  To  maintain  high  temperaturL  and 
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complete  combustion,  preheated  air  at  450°F.  is  passed  under  the  grate. 
Fan  capacity  should  provide  air  velocities  of  25  to  30  feet  per  second  and 
be  capable  of  handling  gas  temperatures  up  to  1800°F. 

In  opeiation  every  effort  is  made  to  keep  the  temperatures  between 
1400°F.  and  1800°F.  to  destroy  the  odors.  Furnaces  are  equipped  with 
recording  pyrometers  and  temperature  control  is  carefully  maintained. 

Fly  ash  (veiy  fine  solid  particles  from  flue  gases)  may  become  a  nuisance. 
It  is  caused  by  inadequate  capacity,  poor  design,  or  by  improper  firing, 
principally  by  forcing  the  furnaces  beyond  their  rated  capacities.®  Remedial 
measures  consist  of  proper  designing;  operation  within  rated  capacity; 
screening;  baffling  the  gas  flow;  or  jetting  steam  into  the  combustion 
chamber. 

The  question  of  the  separation  of  household  waste  is  a  moot  one  when 
incineration  is  the  method  of  disposal.  Rubbish  furnishes  fuel  for  the  in¬ 
cinerator  and  so  aids  in  the  disposal  process.  Tin  cans  are  a  blessing  not 
unmixed  with  certain  drawbacks ;  they  take  up  room  in  the  furnace  but  they 
also  provide  large  openings  in  the  waste  mass,  which  give  good  air  circu¬ 
lation  to  aid  in  the  incineration.  Magnetic  separators  can  be  used  to  remove 
the  cans,  but  unless  the  sale  price  of  the  salvaged  metal  is  high,  this  process 
is  not  economical.  Furnace  ashes  also  should  be  excluded;  if  admitted  to 
the  incinerator  they  may  form  a  slag  which  will  lead  to  a  rapid  deterioration 
of  the  combustion  chamber. 

Some  provision  must  also  be  made  for  disposing  of  the  ash  residue. 
Unless  the  incinerator  has  been  allowed  to  operate  a  great  deal  below  nor¬ 
mal  temperatures  there  should  be  no  organic  or  combustible  material  left 
in  the  ash.  There  may  be  considerable  bulk  and  the  possibility  of  rodent 
harborage  should  be  considered  in  the  final  method  of  disposal.  Mosquitoes 
may  breed  in  any  liquid  waste  that  accumulates  in  containers  in  the  residue. 
Land  fill  is  the  best  method  of  disposal.  This  step  must  be  carefully  super¬ 
vised  or  nuisances  will  result. 

Dispos.4l  of  Garbage  in  Sewage  Systems 

This  method  of  disposal  was  originated  in  Lebanon,  Pa.  in  1923  but 
later  abandoned.  It  was  revived  in  1933  at  Baltimore,  Md.  and  given  ex¬ 
tensive  publicity  by  Keefer.®  The  use  of  the  city  sewerage  system  for  the 
disposal  of  excess  garbage  during  the  summer  offered  a  means  for  experi¬ 
mentally  determining  its  effect  upon  methods  of  operation  at  the  sewage 
treatment  works.  This  practical  operation  showed  that  garbage  could  be 
digested  with  the  sewage  sludge  within  30  or  40  days.  During  the  experi¬ 
ment  garbage  was  fed  into  the  sewer  line  at  an  average  rate  of  8  tons  per 
hour  with  a  normal  sewage  flow  of  about  80  million  gallons  per  day.  1  le 
period  of  study  was  for  about  24  days. 
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The  successful  operation  of  the  experiment  led  to  studies  elsewhere. 
Based  upon  these  results,  together  with  laboratory  tests,  Indianapolis, 
Ind.,*  utilized  this  method  of  disposal  in  1936  while  the  city  reduction 
plant  was  out  of  commission. 

As  would  be  expected  the  oxygen-consumed  value  in  the  raw  sewage  plus 
the  added  ground  garbage  increased  considerably  but  no  unusual  condition 
was  found  in  the  effluent  of  the  primary  settling  tanks,  and  adequate 


digestion  of  solids  was  obtained.  It  was  shown  definitely  by  seven  months’ 
operation  “that  ground  garbage  offers  no  serious  problem  in  sewage  treat¬ 
ment  and  such  disposition  appears  to  be  more  economical  than  methods 
now  in  use.” 

Utilizing  the  published  information  from  the  more  or  less  experimental 
study  at  Baltimore  and  the  emergency  operating  data  at  Indianapolis, 
the  City  of  St.  Louis,  Mo.,  on  February  19,  1935,  installed  grinding  plants 
for  the  disposal  of  its  garbage  into  the  trunk  sewer  which  empties  into  the 
Mississippi  River.  Several  other  cities,  including  Lansing,  Mich,  and  Gary, 
Ind.i2, 13  now  use  this  procedure,  discharging  ground  garbage  into  activated 
sludge  plants  equipped  with  separate  sludge  digestion. 

The  success  of  sewage  plant  digestion  of  garbage  has  led  to  the  develop¬ 
ment  of  household  grinders.  These  are  now  obtainable  for  attachment  to 
any  kitchen  sink  and  are  very  satisfactory.  It  is  estimated  that  over  50,000 
units  are  now  in  service.®  Introduction  of  these  units,  even  on  a  large  scale, 
has  not  yet  seriously  over-burdened  adequate  sewage  treatment  works, 
and  from  the  information  now  available  there  is  no  indication  that  the 


ground  garbage  will  clog  household  sewer  lines.  There  is  some  indication 
that  as  these  grinders  become  widespread  older  treatment  works,  particu¬ 
larly  digestion  tanks,  may  become  overloaded.  Ktchen  grinders  may  some¬ 
time  replace  the  garbage  pail.  Jasper,  Ind.  in  the  late  winter  of  1949-50 
installed  home  grinder  units  on  a  city-wide  basis.  They  are  being  substi¬ 
tuted  for  community  garbage  collection  and  disposal.  They  were  purchased 
m  quantity  by  the  municipality  at  low  price  and  resold  at  cost  to  the 
property  owner  on  the  installment  plan.  Interest  and  maintenance  cost 
equal  $0.66  per  family  per  month.®^  Since  the  city  furnishes  maintenance 
t  ns  expenditure  may  be  charged  off  as  eriuivalent  to  a  tax  for  garbao-e 
collection  and  disposal.  Grinders  have  been  installed  in  80  percent  of  the 
homes  since  enactment  of  the  ordinance.®^  Future  operation  of  the  plan 
will  be  of  interest  from  its  economic  possibilities  and  as  a  satisfactory 

disposal.  This  is  of  particular  importance 
since  neithei  uibbish  or  ashes  can  be  included  in  the  program. 


^  N  x-'Ij  U  rsl  fcj 

-  Disposal  of  garbage  and  refuse  from  built  up  city  areas  is  one  of  the  dis 
a  vantages  of  the  modern  conveniences  of  our  present  economic  and  social 
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life.  Esthetics  demands  that  this  disposal  be  accomplished  without  un¬ 
pleasant  sights  and  odors.  From  a  hygienic  viewpoint,  hazards  to  public 
health  must  be  prevented.  Rodent  and  fly-breeding  and  their  attendant 
dangeis  aie  the  chief  factors  to  be  guarded  against.  Garbage  and  refuse 
disposal  lequiies  careful  supervision  and  adequate  budgetary  provisions. 
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Chapter  X 

VENTILATION 


Ventilation  has  sanitary  significance  because  of  the  effect  of  air  circula¬ 
tion  upon  the  health  and  comfort  of  persons  in  restricted  areas.  Overheated 
room  air  which  results  in  a  reduction  of  ability  to  work  is  evidence  of  poor 
ventilation.  The  effects  of  inadequate  ventilation  are  shown  in  several 
ways.  They  may  be  expressed  in  physical  discomfort  in  which  the  ventila¬ 
tion  is  recognized  as  the  principal  cause:  high  or  low  temperatures,  uncom¬ 
fortable  drafts,  or  high  relative  humidity  are  examples.  The  discomfort 
produced  by  odors,  for  which  ventilation  is  not  recognized  as  the  causative 
factor,  is  another  type.  The  expanding  field  of  disease  control  by  treatment 
of  air  illustrates  a  way  in  which  ventilation  demonstrates  its  importance 
from  a  public  health  and  sanitation  viewpoint.  The  discomfort  produced 
by  poorly  ventilated  rooms  may  arise  from  these  several  factors  singly  or 
in  combination. 

Rapidity  of  evaporation  of  perspiration  with  the  corresponding  cooling 
effect  on  the  body  is  governed  by  the  relative  humidity.  The  odors  in  rooms 
occupied  by  excessive  numbers  of  people  arise  from  foul  breath,  unhealthy 
mucous  membrane,  dirty  clothes,  and  other  foreign  sources. 

No  single  method  of  ventilation  is  satisfactory  under  all  conditions. 
From  a  practical  viewpoint  the  criteria  of  satisfactory  ventilation  must  be 
related  to  the  specific  conditions  under  question.  A  committee  of  the  Indus¬ 
trial  Hygiene  Section,  American  Public  Health  Association  has  prepared 
the  following  list  of  desirable  conditions  that  should  be  considered  in  plan¬ 
ning  systems  of  ventilation 


Outline  of  Workmg  Standards  for  Atmospheric  and  Space  Environments 
for  the  Maintenance  of  Health,  Safety,  Comfort  and  Efficiency 

1.  A  cool  rather  than  hot  atmosphere — but  one  wdthout  chilliness. 

2.  Dryness  rather  than  dampness. 

3.  Still  or  moving  air  depending  on  physical  activity  of  the  occupants. 

4.  Some  diversity  m  temperature— time  and  space — rather  than  uni¬ 
formity  and  monotony. 

5.  Foot  level  as  warm  as  head  level. 

0.  Radiant,  i.e.,  local,  heat  source  as  an  item  in  heating  preferred 

7.  hhockless  temperature  differentials  between  air  conditioned  quar¬ 
ters  and  outer  air,  depending  upon  the  length  of  stay  indoors,  i.e. 
less  differential  for  brief  stays. 

8.  Essentially  noiseless  conditioning  apparatus. 

.  Allotments  of  floor  area.  Air  space  and  air  supply  should  be  sufficient 
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to  fulfill  physical,  physiologic,  epidemiologic  and  psychologic  re¬ 
quirements  of  the  occupants  in  any  given  enclosure. 

10.  Reduction  of  obnoxious  dusts,  bacteria,  fumes,  vapors,  and  gases  to 
their  sub-danger  thresholds. 

11.  Satisfactory  primary  sensory  impression  upon  entering  the  room  or 
space. 

12.  Maintenance  of  comfortable  conditions  during  occupancy  (room 
comfort  impression). 

13.  Sufficient  replacement  of  ‘‘foul  air”  with  “fresh  air”  to  meet  odor- 
comfort  requirements.  Filtering  out  of  objectionable  industrial  odors. 

14.  Intelligent  supervision. 

These  general  goals  are  applicable  to  regulation  of  the  atmosphere  either 
in  the  home  or  in  an  industrial  or  commercial  establishment. 

In  the  past  many  theories  were  advanced  to  account  for  the  ill  effects 
of  poor  ventilation  upon  persons  under  crowded  room  conditions.  For  a 
long  period  of  time  it  was  believed  that  these  physiological  reactions  were 
the  result  of  an  excess  of  carbon  dioxide,  but  this  theory  has  been  proven 
erroneous.  The  survival  of  this  belief  until  recent  times,  was  due  to  von 
Pettenkofer’s  suggestion  in  1863  that  carbon  dioxide  concentrations  be 
employed  as  the  index  of  atmospheric  pollution.  The  use  of  the  carbon 
dioxide  concentration  test  became  so  very  general  in  ventilation  studies 
that  many  persons  regarded  this  gas,  in  concentrations  found  in  restricted 
areas,  as  a  harmful  constituent  of  the  air  in  such  places. 

Hermann  in  Holland  about  1882  suggested  that  excessively  high  tem¬ 
perature  and  humidity  were  the  causes  of  physical  discomfort.  It  is  now 
definitely  known,  due  to  the  work  of  Flugge^  in  1905,  that  the  ill  effects  of 
poor  ventilation  are  the  results  of  conditions  that  influence  the  heat  regu¬ 
lating  mechanism  of  the  body  caused  by  relatively  high  temperature,  high 
relative  humidity  and  lack  of  air  movement.  Despite  many  investigations 
proving  that  carbon  dioxide  is  not  the  controlling  factoi  in  ventilation, 
many  ordinances  and  state  laws  require  only  sufficient  ventilation  for 
public  buildings  equivalent  to  30  cubic  feet  of  free  air  per  person  per  min¬ 
ute.  Since  humidity,  temperature,  and  air  movement  are  the  controlling 
factors,  and  not  volume  of  air,  these  regulations  are  inadequate  since  their 
requirements  may  be  either  too  high  or  too  low  with  changing  climatic  con¬ 
ditions.  The  standard  of  30  cubic  feet  per  person  per  minute  was  originally 
based  on  the  fact  that  the  average  person  exhales  0.6  cubic  foot  of  carbon 
dioxide  per  hour,  from  which  six  parts  per  10,000  was  fixed  as  the  upper 

concentration  limit. 

Definitions 

Several  terms  of  little  meaning  in  general  conversation  are  used  fre¬ 
quently  in  discussions  of  ventilation.  Following  are  definitions  of  some 

of  these  terms 
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— British  thermal  unit.  This  is  the  standard  unit  of  quantity 
of  heat.  One  B.t.u.  is  the  quantity  of  heat  required  to  raise  the  tempera¬ 
ture  of  1  pound  of  water  1  Fahrenheit  degree.  (This  definition  is  pre¬ 
sented  as  a  practical  definition  and  not  one  that  includes  all  of  the  details 
of  atmospheric  pressure  and  specific  temperature  at  which  the  measure¬ 
ment  is  made  for  theoretical  purposes.) 

Comfort  air-conditioning.  The  process  by  which  the  temperature, 
moisture  content,  movement  and  quality  of  the  air  in  enclosed  spaces 
intended  for  human  occupancy  may  be  simultaneously  maintained  within 
required  limits.  This  same  definition  would  apply  to  comfort  cooling. 

Comfort  zone.  The  range  of  effective  temperatures  over  which  the 
majority  (50  percent  or  more)  of  adults  feel  comfortable. 

Humidity,  absolute.  The  weight  of  water  vapor  contained  in  a  unit 
volume,  pounds  per  cubic  foot  or  grams  per  cubic  centimeter. 

Humidity,  relative.  The  ratio  of  the  actual  quantity  of  water  vapor 
in  the  air  to  the  quantity  that  would  give  a  saturated  atmosphere  under 
the  conditions  of  temperature  and  pressure  existing  at  the  time  of  con¬ 
sideration.  A  saturated  atmosphere  has  a  relative  humidity  of  100  per¬ 
cent.  Such  a  humidity  would  represent,  at  different  temperatures,  great 
differences  in  the  absolute  humidity. 

Psychrometric.  Pertaining  to  psychrometry  or  the  state  of  the  at¬ 
mosphere  with  reference  to  moisture. 

Temperature,  dry  bulb.  The  temperature  of  a  gas  or  mixture  of 
gases  indicated  by  an  accurate  thermometer  after  correction  for  radia¬ 
tion.  The  diy  bulb  temperature  does  not  make  any  allowance  for  the 
cooling  effect  of  evaporation  or  for  the  different  effect  this  cooling  effect 
would  have  under  conditions  of  differing  relative  humidity  conditions. 

Temperature,  effective.  An  arbitrary  index  which  combines  into  a 
single  value  the  effect  of  temperature,  humidity,  and  air  movement  on 
the  sensation  of  warmth  or  cold  felt  by  the  human  body.  The  numerical 

value  IS  that  of  the  temperature  of  still,  saturated  air  which  would  induce 
an  identical  sensation. 


Temperature,  wet  bulb.  The  temperature  resulting  from  applying 
to  the  dry  bulb  temperature  the  cooling  effect  of  evaporation  unZr  the 
relatwe  humidity  existing  at  the  time.  Thus,  the  wet  bulb  temperature 

nherer  h only  in  saturated  atmos- 
p  eies  because  under  those  conditions,  there  would  be  no  evaporation 

The  lower  the  relative  humidity,  the  greater  the  difference  betweerthe 
«on  »  ‘he  greater  amount  of  evapora- 
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II1G10  uppGciis  to  be  no  single  novimil  tempernture  or  liumidity  for  comfort. 
A  tempeiatuie  of  G8  F.  with  a  relative  humidity  of  70  percent  should  be  as 
comfortable  as  /3  F.  at  20  percent  relative  humidity,  with  air  movement 
of  15  to  25  feet  per  minute. 

iNIechanical  roof  exhaust  fans  are  commonly  found  in  large  halls  and  audi¬ 
toriums.  Removal  of  the  upper  layers  of  heated  light  air  causes  fresh  air  to 
enter  through  windows,  doors,  ducts,  or  openings  at  the  floor  or  other 
lower  levels.  Forced  ventilation  is  well  adapted  to  supplement  natural 


TABLE  23 


Fresh  Air  Requirements  for  Odor-free  Atmosphere* 


Room  Space  (Cu.ft.  per 
Person) 

Fresh  Air  (Cu.ft.  per 
Minute  per  Person) 

Private  office  or  home . 

1000  and  over 

30 

General  office . 

500  to  700 

15 

Conference  room  or  game  room . 

250  to  300 

30 

Average  specialty  store . 

400  to  500 

15 

Department  store . 

300  to  400 

20 

Bargain  basement . 

200  to  250 

25 

Restaurant  (Quality) . 

300  to  400 

25 

Restaurant  (Average) . 

200  to  300 

30 

Night  club  or  bar  and  grill . 

125  to  200 

40 

Theater  or  auditorium . 

200  to  300 

15 

School  (children) . 

200  to  250 

30 

“  (adult) . 

200  to  250 

20 

Hospital — operating  room . 

1000  and  over 

40  plus 

“  — private  room . 

750  and  over 

25 

“  — ward . 

350  to  500 

30 

“  — public  clinic . 

200  to  300 

35 

*  J.  H.  Bartol,  Eng.  News  Rec.,  105:  June,  35  (1950). 


ventilation  and  when  used  for  this  purpose  is  usually  accomplished  by 
propeller  fans.  Pressure,  or  plenum,  ventilation  is  the  type  furnished  by 
motor  driven  fans,  supplying  air  through  duct  lines  under  pressure,  which 
is  delivered  to  the  room  through  specially  designed  and  properly  placed 
openings.  In  the  operation  of  this  system  the  incoming  air  may  be  washed 
to  free  it  of  dust  and  dirt  particles,  and  to  humidify  it  during  the  wmtei . 
It  is  then  heated  or  cooled  depending  upon  the  season  and  outside  tern- 

23  gives  estimates  of  room  space  per  person  and  fresh  air  cir¬ 
culation,  (cubic  feet  per  minute  per  person)  desirable  tor  different  types  of 

^FOT-'ilormitories  or  barracks,  fiOO  to  700  cubic  feet  of  space  per  person 
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should  be  allowed  for  sleeping,  with  three  changes  of  air  per  hour,  which 
gives  a  supply  of  from  1800  to  2100  cubic  feet  per  hour.  For  offices,  theaters, 
etc.  there  should  be  3000  cubic  feet  per  hour,  with  five  changes  in  this 
period,  conforming  to  the  50  cubic  feet  per  minute  basis.  In  a  room  at 
normal  temperature,  a  velocity  of  two  feet  per  second  is  noticeable;  four 
feet  per  second  would  cause  a  draft.  If  the  incoming  air  is  much  colder 
than  that  of  the  room,  air  movement  will  be  detected  and  objectionable 
drafts  produced  by  much  lower  air  velocities. 


Fig.  80.  Ultra  violet  irradiation  of  upper  air  to  prevent  product  contamination 
and  to  protect  personnel  from  respiratory  infection.  (Courtesy,  General  Electric  Co.) 

STERILIZATION  OF  AIR 


Conti  ol  of  air-borne  infections  from  enclosed  spaces  such  as  assembly 

halls,  school  rooms,  and  barracks  is  under  study.'  Air-borne  infections 

are  believed  to  be  transmitted  by  droplet  nuclei  and  dust.  Control  of  these 

infections  has  been  attempted  by  mechanical  ventilation,  ultraviolet  radia- 

tion  u.se  of  chemical  mists,  and  dust  retardation.  It  has  been  recently 

established  by  a  committee  of  the  American  Public  Health  Association'' 

that  bacteriological  criteria  are  not  sufficient  to  show  effectiveness  of  these 

piocedures  but  they  must  be  demonstrated  by  a  “significant  reduction  in 

the  incidence  of  ihsease  in  well  controlled  studies  in  human  populations 
living  under  natural  conditions.”  populations 

feriA  r  conditioning  will  only  partially  reduce  the  bac- 

density  m  an  occupied  room  since  human  activity  maintains  a  con- 
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tiniious  reinfection  which  is  difficult  to  remove  when  only  new  air 
is  circulated. 

Ultraviolet  radiation  with  a  wave  length  of  2537°  is  effective  when  the 
lelative  humidity  is  not  more  than  60  percent.'*’  >  22  'Pq  prevent  danger  to 
eyes  and  skin  the  direct  action  of  these  rays  must  be  restricted  to  the  air 
in  the  upper  portion  of  the  room.  Present  studies  indicate  that  ultra-violet 
radiation  is  of  value  in  special  situations  such  as  operating  rooms,  contagious 
disease  wards  and  certain  manufacturing  operations  but  it  has  not  been 
proven  effective  for  general  use  in  public  assembly  rooms. 

Ozone  is  not  suitable  for  use  as  an  air  disinfectant  since  a  concentration 
of  1  ppm.  may  cause  irritation  of  the  nasal  passages  membranes.  Concen¬ 
trations  greater  than  1.0  ppm.  are  frequently  necessary  for  bactericidal 
action. 

Glycol  vapors*®  are  effective  air  bactericides  when  the  relative  humidity 
is  between  30  and  55  percent.  They  are  of  value  for  general  use  since  they 
are  odorless,  nontoxic,  and  noncorrosive  to  metals.®®  Concentrations  of  the 
magnitude  of  0.2  ppm.  have  been  effective  with  67  percent  relative  hu¬ 
midity*®  •  12 . 18 , 23  vapors  were  noticeable  to  persons  occupying  the 

room.  Effectiveness  improves  with  increases  in  temperature  to  at  least 
85°F.*®  Similar  to  ultra-violet  radiation,  these  vapors  are  more  effective 
against  droplet  nuclei  than  dust  particles.*®  Properly  vaporized,  the  glycol 
mists  will  permeate  all  parts  of  the  room  but  maintenance  of  bactericidal 
concentrations  throughout  a  room  is  difficult  with  present  equipment. 
Studies  in  hospital  wards  and  barracks  have  been  undertaken  but  controlled 
data  as  to  the  effectiveness  of  these  compounds  have  not  been  reported. 

The  application  of  a  light  paraffin  or  spindle  oil  to  floors  of  barracks  and 
hospital  wards  and  the  use  of  oiled  sawdust  for  sweeping  concrete  floors 
has  reduced  the  bacterial  content  of  the  air  in  these  buildings.®*  Oil  should 


be  applied  at  the  rate  of  1  gallon  per  200  square  feet  of  soft  wood  flooring 
with  a  squeegee  or  hair  broom.  Soft  wood  floors  so  treated  will  retain  dust 
for  8  months  provided  they  are  cleaned  with  hot  water  without  using  soap 
or  powders.  Only  1  gallon  per  1,000  square  feet  should  be  applied  to  haid- 
wood  or  linoleum  covered  floors.  Heavier  dosage  will  make  them  slippery. 
When  oiled  sawdust  is  used,  2  gallons  of  oil  per  100  pounds  of  sawdust  gives 

good  absorption.*®  •  j  .  j 

Blankets  and  bedding  impregnated  with  light  oils**  will  retain  dust  an 

bacteria,  preventing  the  liberation  of  the  particles.  By  impregnation  with 
an  oil-water  emulsion  blankets  will  retain  this  property  for  considerable 
periods  of  time  even  though  frequently  washed. 

Conclusive  evidence  has  not  been  obtained  to  show  that  oiling  of  floois, 
blankets,  etc.  will  prevent  respiratory  diseases.  These  practices  do  however 
reduce  bacterial  contamination  in  the  air  in  barracks  and  wards. 
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Air  disinfection  is  in  the  experimental  stage.  A  recent  leview  of  the 


status  of  the  control  of  air-borne  infections  concludes  d’ 

1.  The  oiling  of  floors,  blankets,  and  bedding  has  now  developed  to 
the  point  of  practical  application  in  the  suppression  of  dust.  Such  meas¬ 
ures  constitute  good  housekeeping.  They  reduce  bacterial  contamination 
of  the  air,  but  there  is  as  yet  insufficient  evidence  that  they  prevent 


disease.  Dust  suppression  should  be  applied  wherever  practicable  in 
conjunction  with  ventilation,  ultra-violet  irradiation,  and  disinfectant 
vapors,  when  the  latter  methods  are  employed. 

2.  The  available  evidence  strongly  indicates  that  methods  of  air  dis¬ 
infection  (ventilation,  ultra-violet  irradiation  and  glycol  vapors)  are 
useful  adjuncts  to  aseptic  techniques  in  the  reduction  or  elimination  of 
air-borne  infections  in  operating  rooms  and  in  contagious  disease  and 
pediatric  wards.  Installations  are  indicated  under  conditions  where 
there  has  been  demonstrated  or  there  exists  potentially  a  significant 
incidence  of  cross-infection  or  a  serious  risk  to  patients.  It  is  essential 
that  competent  engineering  supervision  be  available  to  insure  the  ade¬ 
quacy  of  the  original  installation,  to  maintain  its  continued  effectiveness, 
and  to  protect  both  personnel  and  patients. 

3.  It  is  not  yet  possible  to  compare  the  relative  efficiency  of  ultra¬ 
violet  irradiation  and  glycol  vapors.  Only  the  former  method  has  been 
developed  to  a  point  of  practical  application.  Recent  designs  of  glycol 
vaporizers  and  automatic  control  devices  give  promise  that  adequately 
controlled  studies  may  be  conducted  in  the  near  future.  The  relative 


merits  of  the  two  procedures  will  involve  such  problems  as  cost,  safety, 
and  the  consistency  of  effective  operation  based  upon  long  experience. 

4.  The  general  use  of  ultra-\dolet  irradiation  or  disinfectant  vapors  in 
schools,  barracks,  and  in  specialized  industrial  environments  is  not 
justified  at  the  present  time.  There  is  great  need  for  further  carefully 
controlled  field  studies  to  define  the  mechanisms  of  the  spread  of  infec¬ 
tious  disease  among  these  types  of  populations. 

5.  Ihere  is  no  justification  for  the  indiscriminate  use  of  ultra-violet 
light  or  other  methods  for  disinfecting  air  in  homes,  offices,  or  places  of 
public  congregation. 


AIR  CONDITIONING 

Simple  ventilation  procedure  has  been  superseded  by  modern  air  condi¬ 
tioning  processes  tor  public  Iniildings.  homes,  stores,  factories  ami  other 
im  usb  ial  establishments.  Mechanical  means  have  been  used  ’ intensively 
m  industry  for  more  than  -10  years,  ('omfort  conditioning  of  2  did  not 

to  poTuliry"'”'  its  rise 
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ihc  Guide  published  by  the  American  Society  of  Heating  and  Ven¬ 
tilating  Engineeis  defines  air  conditioning  as  ^^The  simultaneous  control 
of  all,  or  at  least  the  first  three,  of  those  factors  affecting  both  the  physical 
and  chemical  conditions  of  the  atmosphere  within  any  structure.  These 
factors  include  temperature,  humidity,  motion,  distribution,  dust,  bac¬ 
teria,  odors  and  toxic  gases,  most  of  which  affect  in  greater  or  lesser  degree 
human  health  or  comfort.”  The  scope  of  this  definition  is  obviously  limited 
to  the  effect  upon  “human  health  or  comfort.”  To  extend  its  scope  to  in¬ 
dustry,  it  is  necessary  only  to  add  the  words  “and  the  physical  properties 
of  materials.” 

The  success  of  air  conditioning  depends  upon  accurate  and  reliable  con¬ 
trol.  At  least  two  effects  must  be  obtained  to  allow  true  application  of  the 
term  “air  conditioning”.  These  are  change  of  air  temperature  and  change 
of  moisture  content  of  the  air  together  with  regulation  of  at  least  one  of 
them. 


While  a  few  instances  are  known  in  which  the  principle  of  evaporative 
cooling  was  used  hundreds  of  years  ago,  air  conditioning,  in  a  crude  form, 
had  its  birth  in  the  textile  mills  of  England.  This  country  first  gained  its 
reputation  for  fine  fabrics  from  the  goods  manufactured  in  small  mills  en¬ 
joying  the  equable  climate  of  Lancashire.  As  the  improvement  of  machin¬ 
ery  began  unfavorably  to  affect  humidity  in  factories,  the  practice  of  sprink¬ 
ling  floors  was  started.  As  this  proved  inadequate,  steam  pots  came  into 
use  and,  much  later,  devices  for  finely  atomizing  water. 

In  1897,  Joseph  McCready  of  Toledo,  Ohio,i^  patented  a  washer  for  clean¬ 
ing  air.  Following  this,  other  types  of  washers  were  designed  and  were 
occasionally  used  for  air  cleaning  in  connection  with  ventilating  systems. 
In  1906,  Willis  H.  Carrier^  discovered  the  relationship  between  quantity 
of  saturated  air  supply  and  the  magnitude  of  the  internal  heat  gain.  This 
discovery  came  as  the  result  of  the  first  application  of  an  evaporative  cool¬ 
ing  system  to  a  cotton  mill.  In  1907  Stuart  W.  Cramer  of  Charlotte,  N.  C. 
automatically  controlled  the  humidity  by  atomizing  sprays  of  water  with 
an  instrument  which  depended  upon  the  relation  between  the  wet  and  diy 
bulb  temperatures. 

The  measurement  and  control  of  the  moisture  content  in  textiles  was  then 
generally  known  in  the  trade  as  “conditioning,”  so  that  the  term  “air  con¬ 
ditioning”  seemed  to  apply  quite  logically  to  the  methods  which  would 
maintain  conditions  having  the  desired  effect  upon  the  product. 

Until  1911,  all  psychrometric  tables  and  charts  had  been  prepared  from 
observed  data.  At  that  time.  Carrier  discovered  and  analyzed  the  physica 
laws  relating  to  p.sychrometrics  and  presented  Ins  analysis  before  the 

American  Society  of  Mechanical  Engineers.  Following  this  thcie  was  . 

rapid  development  in  applications  to  industrial  plants.  Staiting  wi 
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tile  mills,  it  soon  spread,  until  over  two  hundred  different  industries  were 
utilizing  some  form  of  air  regulation.  It  was  not  until  192o  that  applications 
for  human  comfort  became  general,  ihe  first  were  made  by  theaters 
followed  rapidly  by  department  stores,  banks,  restaurants,  and,  finally,  by 
a  few  scattered  residences  of  the  luxurious  type. 

All  of  these  installations  both  industrial  and  comfort  cooling  equipment, 
were  of  relatively  large  size  and  so  built  as  “job  shop”  products.  The  de¬ 
velopment  by  Thomas  Midgley,  Jr.  of  a  new  series  of  refrigerants  made 
available  to  the  public  in  1931,^®  resulted  in  a  rapid  utilization  of  the  small 
refrigerating  machine  and  accompanying  air  conditioning  equipment,  which 
could  be  standardized  and  manufactured  in  quantity  production.  This  has 
lowered  the  cost  of  small  installations  and  has  broadened  the  field  of 
application  to  all  manner  of  small  manufacturing  and  business  establish¬ 
ments,  and  also  to  the  home. 

The  atmospheric  conditions  which  prevail  in  unconditioned  spaces  are 
governed  primarily  by  the  external  absolute  humidity  and  the  internal 
heat  gain.  Both  of  these  governing  factors  are  variables.  If  conditions  are 
to  be  kept  constant  at  any  predetermined  point,  the  effect  of  these  variables 
must  be  compensated  for.  This  requires  equipment  capable  of  controlling 
the  temperature  by  regulating  the  heat  to  be  supplied  or  removed  in  ac¬ 
cordance  with  the  need.  The  equipment  must  also  control  the  moisture  con¬ 
tent  by  raising  or  lowering  the  humidity  as  required  and  supplying  an 
adequate  volume  of  new  air.  The  recirculated  air  must  be  cleansed  of  all 


foreign  materials  and  properly  admixed  with  the  supply  of  fresh  air. 

The  common  methods  of  heating  air  are  generally  familiar.  The  usual 
steam,  hot  water,  or  hot  air  systems  are  examples.  The  heating  load,  com¬ 
monly  expressed  in  British  thermal  units  (B.t.u.)  per  hour,  is  determined 
by  the  heat  loss  in  outward  transmission  through  the  building  structure  and 
the  infiltration  losses  or  heat  required  to  warm  outside  air  that  leaks  in 
through  cracks  and  crevices  around  windows  and  doors,  or  heat  required 
to  warm  the  outside  air  used  for  ventilation.  Heat  loss  varies  with  the  in¬ 
sulating  value  of  the  building,  care  and  quality  of  construction,  and  with 
the  temperature  difference  between  the  conditioned  room  and  the  sur- 
rounding  space.  Standard  values  are  available  for  these  different  factors. 

The  cooling  load,  expressed  in  B.t.u.  per  hour  or  ton  of  refrigerating  ef- 
ec  IS  governed  by  the  heat  transmitted  from  surrounding  space  to  the 

riven  rf  'adiation,  and  by  the  amount 

given  off  from  persons,  lights,  machinery,  etc.,  in  the  room.  Reduction  of 

temperature  may  be  accomplislied  by  mechanical  refrigeration  or  by  evap¬ 
orative  cooling  m  which  the  outdoor  air  is  drawn  by  a  fan  through  Sr 

i-ig  In  24  hTriTt  32""r';  " 
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sprays  or  over  a  wetted  surface.  Evaporative  cooling  may  be  combined 
with  cooling  by  means  of  cool  water  from  a  natural  source,  or  cool  water 
may  be  used  alone.  The  latter  system  is  limited  by  the  temperature  of  the 
water  used,  the  minimum  for  the  United  States  being  between  50°  F.  and 
60°  F.  when  well  water  is  used,  and  exceeding  this  value  in  other  climates. 

Another  method  of  cooling,  with  ice,  has  a  limited  application  due  to 
its  cost  and  the  nuisance  of  handling  the  ice.  Air  may  be  passed  directly 
over  the  ice  but  most  frequently  the  ice  is  first  converted  into  cold  water 
and  the  air  is  passed  through  coils  of  the  water.  Obviously,  cooling  limits 
are  above  32°  F.  and  lower  than  those  of  well  water. 

Cooling  with  refrigeration  is  limited  only  by  the  limits  of  the  machine. 
The  liquefied  refrigerant  may  be  expanded  directly  into  coils  or  used  to 
cool  water  or  brine.  Refrigerant  temperatures  from  100°  F.  to  below  0°  F. 
are  obtained  for  industrial  processing;  40°  F.  to  50°  F.  are  usual  for  general 
air  conditioning;  and  20°  F.  to  30°  F.  for  food  preservation. 

A  refrigerating  machine  does  not  “generate  cold”  but  utilizes  a  volatile 
liquid  or  refrigerant  at  a  low  temperature  to  extract  or  absorb  heat;  it 
then  conveys  the  heated  refrigerant  to  a  cooling  area  where  the  heat  is 
released.  The  released  heat  must  be  carried  away  directly  by  air,  as  in  the 
evaporative  condenser;  indirectly  to  air  by  means  of  recirculated  water, 
as  in  the  cooling  tower  (Figure  81) ;  or  directly  by  water  of  which  from  one 
gallon  per  minute  at  65°  F.  to  three  gallons  per  minute  at  85°  F.  is  required 
for  each  ton  of  refrigerating  effect.  Both  the  evaporative  condenser  and  the 
cooling  tower  save  90  percent  of  the  water  required  for  direct  condensing 


use. 

Cooling  with  vacuum  evaporation  created  by  steam  ejection  is  also  used. 
A  steam  ejector  creates  a  partial  vacuum  in  a  chamber  containing  water. 
The  vacuum  causes  part  of  the  water  to  evaporate,  cooling  the  remainder. 
The  chilled  water  flows  to  the  bottom  of  the  evaporator  and  is  pumped  to 
the  air  conditioning  system.  The  steam  and  water  vapor  from  the  primal  y 
condenser  are  removed  by  a  secondary  ejector  or  vacuum  pump.  This  sys¬ 
tem  has  higher  operating  costs  for  large  unit  installations  than  does  me¬ 


chanical  refrigeration. 

A  humid  atmosphere  can  be  uncomfortable  even  though  the  tempera¬ 
ture  may  be  low.  Humidity  can  be  reduced  by  passing  the  moist  air  over 
cold  coils.  The  cooling  effect  causes  condensation  of  the  humidity  on  the 
coils  Dehydration  may  also  be  accomplished  by  adsorbing  chemical  ma¬ 
terials,  of  which  silica  gel  is  an  outstanding  example.  A  silica  gel  unit, 
for  dehumidifying  air  is  composed  of  two  adsorbers,  a  gas  heated  furnace, 
a  ventilating  fan  for  the  adsorber,  after  cooler,  fresh  air  filter,  silica  ge 
cooler,  and  control  devices.  One  adsorber  is  in  service  dehydrating  the  an 
while  the  other  is  being  reactivated  by  heat.  The  control  of  the  adsoiber 
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and  the  reactivation  is  automatically  regulated  upon  a  time  basis  with 
electric  clocks.  The  fresh  air  is  taken  from  the  filter  to  the  adsorber  where 
it  is  then  mixed  with  circulated  air,  cooled,  and  passed  out  into  the  duct 
system.  The  proper  adjustment  of  recirculated  air  and  new  fresh  air  will 
maintain  the  desired  humidity  and  temperature. 

The  industrial  application  of  air  conditioning  for  the  control  of  the  tem¬ 
pering  of  products  is  one  of  the  most  important  uses  of  this  process.  Aging 


i  ■  r' 


Fig.  81.  Large  forced  draft  water  cooling  tower  in  ornamental  enclosure,  Radio 
City,  New  York.  (Courtesy,  Carrier  Corporation.) 

of  tobacco,  machine  manufacture  of  cigars,  knitting  of  cotton  and  rayon 
thread  are  dependent  upon  its  use.  In  the  food  industries  the  application 
of  air  conditioning  to  perishable  products  enhances  their  value.  This  may 
be  illustrated  by  the  use  of  air  conditioning  in  candy  stores  to  keep  coca 

butter  from  depositing  on  chocolates  with  resultant  reduced  sales  due  to 
off  color. 

Comfort  Cooling 

1  he  distribution  of  conditioned  air  to  the  ultimate  point  of  use  is  the  most 
important  factor  of  comfort  cooling.  In  large  installations  it  is  accomplished 
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by  the  discharge  of  fan  propelled  air  from  direct  systems,  men  ornamen¬ 
tation  IS  desired  these  ducts  are  encased  in  the  building  walls  and  dis- 
chaije  the  air  through  decorative  grills.  Comfort  standards  must  he  sub¬ 
divided  into  consideration  of  conditions  which  are  optimum  for  absolute 
comfort  and  conditions  which  are  satisfactory  for  relative  comfort.  For 
many  years,  those  experienced  in  air  conditioning  knew  that  a  dry-bulb 
temperature  did  not  indicate  the  true  sensation  of  heat  or  cold,  that  might 
be  produced  by  any  specific  temperature,  and  that  relative  humidity  was 
an  important  factor.  Ihe  definite  relationship  between  the  dry-bulb  tem- 
peiatuie  and  relative  humidity  of  the  atmosphere  was  not  known  until 
the  Bureau  of  Research  of  the  American  Society  of  Heating  and  Ventilating 
Engineers  embarked  upon  a  vast  program  of  research. 

Effective  T emperatiire 

One  of  the  first  accomplishments  of  the  Bureau  of  Research  was  the  de¬ 
termination  of  conditions  of  equal  temperature  sensation  showing  those 
combinations  of  temperature  and  humidity  which  to  a  human  being  would 
feel  equally  warm  or  cold  or  comfortable.  The  resultant  effect  of  tempera¬ 
ture,  humidity,  and  air  movement  was  termed  the  “effective  tempera¬ 
ture”.  Diagrams  were  prepared  showing  the  effective  temperatures  deter¬ 
mined  through  strictly  subjective  tests.  These  tests  were  applied  further 
to  determine  the  “comfort  zone”,  as  outlined  on  the  psychrometric  chart. 
Figure  82.  This  work  is  of  inestimable  value  since  it  offers  a  unit  of  comfort 
measurement  which  can  be  definitely  applied  to  normal  human  beings. 

It  is  of  utmost  importance  to  note  that  the  line  which  is  optimum  for 
summer  comfort  is  higher  than  that  for  winter  comfort,  and  that  with  the 
practically  perfect  conditioning  system  utilized  in  this  research,  there  were 
always  some  test  subjects  in  each  hundred  who  were  not  completely  satis¬ 
fied  with  the  condition  which  was  considered  optimum  by  the  others. 
In  other  words,  this  means  that  no  system  can  enjoy  favorable  reaction 
from  all  the  people  subjected  to  it.  With  an  air  movement  of  15  to  25  feet 
per  minute,  80  percent  or  more  people  are  comfortable  in  the  summer  with 
effective  temperatures  of  08.5°  F.  to  73.3°  F.  and  in  the  winter  from  64.7° 
F.  to  70.3°  F. 

It  is  interesting  to  note  that  the  comfort  zone  is  1 .0°  F.  higher  for  women 
than  for  men  and  that  both  women  and  men  over  40  years  of  age  prefer 
an  effective  temperature  1 .0°  F.  higher  than  that  of  the  younger  group.^^ 

Stale  air  is  due  to  odors,  smoke,  etc.  and  not  to  a  lack  of  oxygen. ^  Ade- 
cpiate  \Tntilation  is  supported  by  introducing  a  requisite  volume  of  fresh 
air,  usually  25  percent,  for  the  purpose  of  diluting  odors,  renewing  the 
oxygen,  and  creating  a  slight  internal  pressure  to  oppose  the  inward  leakage 
of  unconditioned  air.  The  supply  of  oxygen  is  rarely,  if  ever,  a  factor  for 


VENTILATION 


291 


Fig.  82.  Psychrometric  comfort  chart 
A.S.H.V.E.  Comfort  Chart  for  Still  Air 
Ao«e.— Both  summer  and  winter  comfort  zones  apply  to  inhabitants  of  the  United 
btates  on  y.  Application  of  winter  comfort  line  is  further  limited  to  rooms  heated 
by  central  station  systems  of  the  convection  type.  The  line  does  not  ap])ly  to  rooms 
leated  by  radiant  methods.  Application  of  summer  comfort  line  is  limited  to  homes 

cfndTtions  tL  r"’  "T"'"  occupants  become  fully  adapted  to  the  artificial  ai.^ 
conditions.  The  line  does  not  apply  to  theaters,  department  stores,  and  the  like 

where  the  exposure  is  less  than  3  hours.  The  optimum  summer  comfort  line  shown 
pertains  to  Pittsburgh  and  to  other  cities  in  the  northern  portion  of  the  United  States 
and  Southern  Canada,  and  at  elevations  not  in  excess  of  1000  ft  above  sea  level  An 
—  of  one  deg  ET  should  be  made  approximately  per  5  deg  rerctimi  r.lmTh 

Dotted  portion  of  winter  comfort  line  was  extrapolated  beyond  test  data. 
Reprinted  by  Permission  from  Heating  Ventilating  and  4ir 
Conditioning  Guide,  1950,  Chapter  6. 
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consideration  since  outdoor  air  contains  21  percent  oxygen  by  volume 
Adults  use  4  percent  for  breathing  and  12  percent  will  support  life;  there¬ 
fore  recirculation  of  air  is  not  harmful  if  the  temperature,  relative  humidity 
cincl  bacterial  content  have  not  changed. 

Comfort  Cooling  of  Railway  Equipment 

Cooling  of  railway  cars  began  vath  yard  cooling  of  coaches  where  ice  was 
placed  in  compartments  at  the  top  and  bottom  of  the  cars  and  air  circulated 
by  fans  through  the  ice  compartments  and  cars*.  The  first  modern  air  con¬ 
ditioning  equipment  was  installed,  in  July  1929,  on  the  dining  car  “Martha 


Fig.  83.  Dining  car  “Martha  Washington”.  (Coiirtesj',  Baltimore  and  Ohio  Rail¬ 
road  Co.) 

Washington”  by  the  Baltimore  and  Ohio  Railroad.  This  was  the  first  in¬ 
stallation  in  a  car  in  regular  service  and  in  1931  this  railroad  operated  the 
first  completely  air  conditioned  train  in  the  world.  From  this  initial  de¬ 
velopment  air  conditioning  has  grown  to  its  present  popularity  so  that  it  is 
now  an  adjunct  of  railroad  trains  throughout  the  United  States.  iSteam  ejec¬ 
tor  evaporative  mechanical  compressor  or  ice  compartment  systems  are 
commonly  used  for  air  cooling  with  a  25  pei'ccnt  makeup  of  fresh  air  in 
the  air  circulated.  An  advantage  of  the  air  conditioning  of  railroad  trains 
is  the  installation  of  double  windows  which  exclude  dust  as  well  as  traffic 

noise. 

Comfort  Cooling  of  Theaters 

Air  conditioning  for  comfort  cooling  of  theaters  is  used  m  the  mam 
auditorium,  lobby  and  lounge.  Fans  operating  at  50  cubic  feet  per  minute 
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per  seat  will  give  sufficient  air  change  and  justify  their  cost.  Air  condition¬ 
ing  for  theaters  should  be  based  upon  a  temperature  of  80°  F.  with  a  rela¬ 
tive  humidity  of  50  to  55  percent.  When  it  was  initially  installed  some  years 
ago  70°  F.  was  maintained  at  all  times.  This  lower  temperature  resulted 
in  a  chilling  shock  to  many  patrons  and  some  complaints  even  now  persist 
from  remembrances  of  previous  days,  before  proper  control  was  instituted. 

Because  the  average  adult  gives  off  300  B.t.u.  per  hour,  patron  load  is 
of  importance  in  the  relation  of  equipment  design.  An  aii  volume  change  of 
15  to  35  cubic  feet  per  minute  per  seat,  with  a  temperature  difference  from 
that  of  the  outside  air  of  not  more  than  20°  F.  is  usual.  From  5  to  7.5  cubic 
feet  per  minute  of  outside  makeup  air  is  used.  The  conditioned  air  is  dis¬ 
tributed  through  grills  in  the  ceiling,  side  walls,  and  at  the  floor  level  base¬ 
boards. 

Comfort  Cooling  of  Restaurants 

In  the  air  conditioning  of  restaurants  two  types  are  important.  The  high 
class  restaurant,  located  in  a  hotel  or  similar  place,  has  a  peak  load  for 
about  three  hours  in  the  early  evening  and  is  justified  in  maintaining  com¬ 
plete  equipment  since  its  patrons  desire  the  best  in  food,  service  and  com¬ 
fort  and  are  willing  to  pay  for  it.  A  volume  of  300  to  400  cubic  feet  per  per¬ 
son  is  allowed  in  such  a  restaurant  with  a  normal  air  change  of  about  25 
cubic  feet  per  person  per  minute.  The  second  type  of  restaurant  utilizing 
these  installations  is  that  in  the  shopping  districts  and  in  department 
stores,  having  a  peak  load  of  about  three  hours  in  the  middle  of  the  day. 
Its  patrons  will  pay  for  a  reasonable  amount  of  extra  service  and  comfort, 
but  available  space  must  be  utilized  to  the  maximum  so  that  only  200  to 
300  cubic  feet  per  person  are  allowed.  The  restaurant  occupying  a  separate 
building  or  a  section  of  an  office  building  can  also  only  afford  200  to  300 
cubic  feet  per  person.  Air  circulation  of  30  cubic  feet  per  minute  is  required 
to  maintain  satisfactory  conditions. 


Comfort  Cooling  of  Offices  and  Homes 


Living  in  a  controlled  atmosphere  of  a  constant  temperature  and  humid¬ 
ity  is  believed  to  increase  individual  efficiency.  A  report  from  a  large  Phila¬ 
delphia,  Pa.,  public  utility  corporation  employing  500  persons,  states 
that  after  air  conditioning  its  office  building,  absenteeism  decreased  more 
than  50  percent.  A  controlled  atmosphere,  necessitating  closed  windows 
provides  a  decrease  in  street  noise  and  dust  and  permits  a  greater  concentra- 

ditffins  atmospheric  con- 


Air  conditioning  is  being  employed  for  hospital  use  and  for  the  control 
of  allergic  diseases.  The  development  of  the  portable  individual  room  ma- 
c  me  for  the  home  has  extended  the  use  by  hay  fever  sufferers  of  air  con- 
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ditioners.  One  advertiser  states  that  a  conditioner  of  this  type  reduced  the 
pollen  count  in  a  room  from  1050  per  square  centimeter  to  5  per  square 
centimeter  in  6  hours.  Small  separate  room  units  are  inserted  in  a  window, 
are  self-contained,  use  refrigeration  and  are  not  connected  to  water  and 
sewer  lines.  They  give  good  humidity  and  temperature  control  for  small 
rooms. 

The  recirculated  air  in  air  conditioning  systems  is  cleaned  to  remove  dust, 
lint,  pollen,  odors,  and  smoke.  The  air  is  washed  with  water  sprays  or  passed 
over  oil  covered  deflecting  surfaces.  Soluble  gases  must  be  absorbed  in 
water.  Smoke  particles  are  reduced  in  concentration  by  dilution  with  fresh 
air. 

Experimental  work  is  in  progress  using  ultra-violet  radiation,  glycol  mists, 
and  other  agents  in  air  conditioning  systems  to  kill  bacteria  and  molds. 
Experiments  have  not  been  sufficiently  conclusive  to  justify  the  general  use 
of  these  agents. 

Effects  on  Water  and  Sewage  Systems 

A  disturbing  feature  of  widespread  air  conditioning  is  the  effect  upon 
the  water  supply  and  sewage  disposal  systems  of  a  community.  Many  air 
conditioners  use  water  in  the  process.  This  increases  the  water  demand 
and  also  the  sewage  load  if  waste  water  is  discharged  to  the  sewer.  Many 
cities  regulate  the  amount  of  water  that  may  be  withdrawn  through  private 
wells  to  be  used  for  air  conditioning.  Some  cities  have  been  compelled  to 
prohibit  the  use  of  water  from  the  city  supply  for  this  purpose. 

An  example  of  the  amount  of  water  demanded  for  air  conditioning  will 
show  the  magnitude  of  the  supply  problem.  Water  use  for  air  conditioning 
in  the  Chicago  Loop  district  has  ranged  from  a  low  of  22  percent  of  the  daily 
water  consumption  to  a  high  of  50  pei’cent.® 

Water  used  for  condenser  cooling  may  have  become  contaminated  and 
so  should  not  be  returned  to  the  water  distribution  system.  In  addition 
there  should  be  a  4  inch  air  gap  between  the  end  of  the  condenser  discharge 
line  and  the  sewer  line  to  prevent  back  siphonage  that  might  otherwise 
occur  if  the  water  discharge  line  were  connected  directly  to  the  sewer  and  a 
partial  vacuum  should  occur  in  the  cooling  system.  Spray  washer  water 
must  be  recirculated  in  a  separate  system  with  makeup  water  from  the 
potable  supply  introduced  by  overhead  lines  discharging  into  a  tank  with 

an  air  gap.  ,  ,  ,  +  „ 

Table  24  presents  data^  which  indicate  the  demand  placed  upon  a  wate 

distribution  system  when  conservation  of  air  conditioning  process  water  is 
not  practiced.  The  increased  demand  is  freciuently  reflected  in  the  need  foi 
additional  sources  of  water  as  well  as  increased  treatment  and  distribution 
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facilities.  Conservation  methods  can  reduce  the  amoiiiit  of  water  used  from 
2.5  gallons  per  minute  per  ton  of  refrigeration  to  0.05  gallons. 

The  disposal  of  cooling  water  has  liecome  a  problem  in  many  cities. 
Miami,  Fla.,  Jacksonville,  Fla.,  Reno,  Nev.,  Pasadena,  Calif.,  and  Wichita, 
Kan.'^  have  restricted  the  discharge  of  water  from  air  conditioning  equip¬ 
ment  to  prevent  overloading  of  sewerage  systems.  Some  cities  and  state 
water  conservation  boards  require  the  return  of  cooling  watei  to  Avatei- 
bearing  strata  in  the  ground. 

Regulation  of  water  use  for  air  conditioning  is  being  given  serious  con¬ 
sideration.  New  York  City  and  Philadelphia  have  adopted  rigid  control 
measures.  The  New  Tork  regulation  restricts  use  of  water  to  5  gpm.  vhile 
the  Philadelphia  rule  established  a  limit  of  74.5  gpm.  Detroit,  IVIich.,  New- 

TABLE  24 


Water  Used  for  Air  Conditioning* 


Theaters 

Restau¬ 

rants 

Office 
Bldgs,  and 
Depart¬ 
ment 
Stores 

Separate 

Office 

Buildings 

Speciality 

Shops 

Demand  liours  per  day . 

7.3 

8.8 

7.1 

6.5 

5.5 

Percent  of  24  hours . 

30.4 

36.7 

29.6 

27.1 

22.9 

Gals,  water  required  jier  ton  re¬ 
frigeration  with  conservation. ,  . 

21 .9 

26.4 

21.3 

19.5 

16.5 

Gals,  water  required  per  ton  re¬ 
frigeration  without  conserva¬ 
tion . 

1,095 

1,320 

1,065 

975 

825 

*  Ellwood  L.  Bean,  .1.  Amer.  Water  Wks.  Assoc.,  40:  313  (1948). 


ark,  N.  J.,  and  Pittsburgh,  Pa.  restrict  water  use  only  when  the  distribution 
system  becomes  overloaded. 


VEHICULAR  TUNNELS 

Methods  generally  used  for  ventilating  railroad  tunnels  by  blowing 
fresh  air  Irom  one  portal  to  the  other  are  inadequate  to  remove  automobile 
exhaust  fumes  from  long  vehicular  tunnels. 


Railroad  and  motor  vehicle  tunnels  present  interesting  problems  in  ven¬ 
tilation  and  demonstrate  the  strides  that  have  been  taken  in  solving  intri¬ 
cate  ventilation  demands.  Investigations  of  exhaust  gas  concentrations 
and  other  ventilation  factors  by  the  Rureau  of  Mines  produced  data  that 
made  possible  the  construction  of  the  Liberty  Tunnels  at  Pittsburgh  Pa 
in  1924  and  later  of  the  Holland  Tunnel  in  New  York.  These  investigations 
established  a  limit  of  4  parts  of  carbon  monoxide  in  1  (),()()()  parts  of  air 
provided  the  exposure  did  not  exceed  1  hour.  They  also  disclosed  that  ex- 
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haiist  gases  from  automobile  engines  did  not  contain  poisonous  substances 
other  than  carbon  monoxide.  With  this  information  in  hand  it  was  then  pos¬ 
sible  to  show  the  feasibility  of  building  mechanically  ventilated  tunnels. 

The  Holland  Tunnel,  8,368  feet  long,  is  designed  to  carry  7,600  vehicles 
per  hour,  requiring  3,760,000  cubic  feet  of  fresh  air  per  minute  or  42  air 


Fig.  84.  Governor’s  Island  ventilation  building,  Brooklyn-Battery  Tunnel.  (Cour¬ 
tesy,  The  Triborough  Bridge  and  Tunnel  Authority.) 


changes  per  hour.  This  air  is  supplied  to  the  tubes  through  stacks  situated 
on  each  shore,  and  is  passed  through  numerous  ducts  by  a  battery  ot  84 
fans.  The  fresh  air  duct  is  located  below  the  roadway  and  the  exhaust  air 
duct  above  the  ceiling  with  conduits  and  fans  independent  of  each  o  ler. 
A  peak  load  of  2,287  passenger  cars  in  the  tubes  produced  a  carbon  monox¬ 
ide  concentration  of  only  1..59  parts  per  10,000  showing  efficient 

A  critical  test  of  the  ventilating  system  m  these  ^*^71  ^ned 

May  13,  1949,  when  4,400  gallons  of  carbon  disulfide  exploded  and  bur 
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23  vehicles  about  1,900  feet  from  the  New  Jersey  portal.  The  fresh  air  sys¬ 
tem  was  promptly  increased  to  200  percent  of  normal  but  power  failure 
put  2  of  the  3  fans  in  the  New  Jersey  shaft  building  out  of  service  after 
about  60  minutes.  During  the  resultant  5  hour  fire,  the  exhaust  system  con¬ 
tinued  to  function  although  the  top  duct  failed  for  a  distance  of  500  feet. 
Other  motor  vehicles  tunnels  of  more  than  passing  interest  are : 

The  Posey  tube,  a  single  tunnel,  3,545  feet  long,  connecting  Oakland 
and  Alameda,  Calif. 

The  Detroit-Windsor  Tunnel,  5,135  feet  long,  with  a  ventilation  sys¬ 
tem  similar  to  that  of  the  Holland  Tunnel. 

The  Lincoln  Tunnel  between  Weehawken,  N.  J.  and  New  York  City, 
which  needs  8,834,000  cubic  feet  of  air  per  hour  for  ventilation. 

The  Manhattan  to  Brooklyn  Tunnel  (New  York  City)  completed  in 
1950. 
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Chapter  XI 

SWIMMING  POOLS 


The  swimming  pool  of  today  probably  originated  in  the  public  baths  of 
Greece  and  Rome.  After  the  fall  of  Rome  the  baths  became  extinct  until 
the  seventeenth  and  eighteenth  centuries.  Legal  authority  was  given  for 
the  construction  of  public  bath  houses  by  England  in  1846.  Other  countries 
promptly  followed  suit,  but  the  movement  did  not  develop  in  the  Ltnited 
States  until  1891. 

The  design,  construction,  and  operation  of  swimming  pools  is  recognized 
as  an  important  part  of  sanitation  and  the  protection  of  public  health. 
The  public  has  been  educated  to  the  importance  of  proi)er  treatment  of 
drinking  water  and,  though  a  few  years  ago  almost  any  kind  of  water  was 
acceptable,  the  supply  must  now  be  attractive  to  the  eye,  pleasant  to  the 
taste,  and  entirely  free  from  dangerous  bacteria.  These  requirements  have 
spread  to  the  swimming  pool,  and  water  meeting  potable  standards  is  now 
required  by  the  citizens  of  the  community  for  the  protection  of  general 
health.  The  increasing  use  of  pools  for  rec]-eational  and  athletic  i)urposes 
by  a  sanitation-minded  public  has  brought  about  the  demand  that  swim¬ 
ming  pool  control  take  its  place  with  other  sanitation  activities. 

The  increase  in  popularity  of  swimming  pools  has  resulted  m  their  in¬ 
stallation  in  many  hotels,  apartment  houses,  and  schools.  Recreation  cen¬ 
ters  and  public  parks  are  considered  incomplete  without  pools,  and  cities 
provide  them  in  various  parts  of  the  community  for  the  use  of  adults  as 
well  as  children.  With  modern  design  and  sanitary  control,  the  danger  of 
disease  transmission  is  minimized  and  the  recreational  benefits  can  be  ex¬ 
ploited  without  reservation.  However,  hygienic  control  must  be  constant  y 
and  thoroughly  maintained  or  swimming  pools  may  Irecome  sources  of 
danger  to  the  health  of  the  community,  creating  hazards  that  vill  oxei- 

shadow  the  benefits  they  offer.  i  ,  u 

'  The  danger  of  disease  transmission  tlirougii  swimming  pools  has  been 

argued  pro  and  con.  Suspicion  has  been  directed  to  skin  and  eye  infections, 
boils  conjunctivitis,  ami  impetigo.  Athlete's  foot  is  considered  to  be  one  of 
the  natural  hazards  of  public  bathing  pools.  Tt  is  conceivable  that  dirty 

. . . . . . 
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diseases.  Swimming  pools  have  been  suspected  as  a  means  foi  the  spiead 
of  poliomyelitis,  but  there  is  no  convincing  evidence. 

It  is  true  that  circumstantial  evidence  can  be  i)resented.  Water  is  a  good 
transmitting  agency  for  certain  disease  organisms.  Undoubtedly,  some 
persons  using  pools  may  harbor  various  disease  organisms,  either  as  cai- 
riers  or  as  unrecognized  cases  of  the  disease.  With  good  operation  swimming 
pools  apparently  are  not  a  potent  means  for  spreading  communicable  dis¬ 
eases.  The  chief  danger  seems  to  come  from  infectious  material  discharged 
from  persons  in  close  association  in  the  pool  rather  than  from  generally 
contaminated  water.  Most  swimmers  drink  very  little  of  the  water  in  which 
they  swim. 

The  conditions  in  natural  bathing  waters  where  chlorination  is  not  prac¬ 
ticed  are  a  different  circumstance.  But  even  under  these  conditions  no 
authentic  record  of  communicable  disease  transmission  has  been  reported. 
Water  polluted  with  sewage  does  seem  to  be  dangerous  for  swimming. 
“Swimmer’s  itch”  is  common  in  some  parts  of  the  United  States.  This  is 
caused  by  the  free  swimming  larval  stage  of  certain  parasitic  worms  of  the 
family  ScJnstosomatidea.  Waters  in  Michigan  and  Wisconsin  have  been 
infested  with  these  organisms. 


TYPES  OF  ARTIFICIAL  POOLS 

Artificial  swimming  pools  can  be  divided  into  three  classes,  deriving  their 
identifying  type  from  the  method  used  to  control  the  quality  of  water  in 
the  pool.  The  till-and-draw  type,  as  its  name  implies,  is  completely  emptied 
and  refilled  with  new  water  at  certain  intervals,  the  periods  being  deter¬ 
mined  by  the  physical  appearance  of  the  water  or  by  the  bathing  loath 
This  type  is  the  least  desirable. 

A  second  type  is  the  flow-through  which  uses  a  continuous  passage  of 
water  through  the  pool  at  all  times.  A  well-controlled  residual  chlorine 
content  is  possible  in  this  pool  and  a  safe  water  can  be  maintained.  The 
flow-through  pool  treated  thus  can  accommodate  the  same  number  of 
persons  as  specified  for  the  recirculating  type.  The  large  (piantities  of  water 
lequired  usually  make  this  method  economically  undesirable 

Tlie  thiicl  and  preferred  type  is  tlie  recirculating  pool,  in  which  pumps 
remove  the  water  from  one  part  of  the  pool  and  return  it  to  another  after 
treatment  to  remove  impurities  which  have  been  acquired  through  use 
Usually  this  treatment  involves  filtration  and  sterilization.  Pressure  filters 
aie  y  used  to  permit  purification  by  one  pumping  operation  .al- 

t  ough  the  iiwtallation  of  gravity  filters  is  advised  for  larger  units  for  eco- 

coimeUion  STeVro'^”'  in 
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CONSTRUCTION 

It  is  obvious  that  pools  should  be  constructed  of  impervious  materials. 
The  bottom  and  walls  should  be  white  or  of  a  light  color  and  as  smooth  as 
possible  to  facilitate  cleaning.  Plate  steel  tanks  have  been  used  successfully. 
Watei  depth  should  vary  from  3  feet  to  at  least  6  feet  in  the  deep  portions, 
with  changes  in  depth  occurring  gradually.  Surface  area  is  based  on  27 
square  feet  per  person  at  maximum  load  on  the  assumption  that  one  third 
of  the  people  patronizing  the  pool  at  any  one  time  will  be  on  shore.  The 
pool  length  should  be  at  least  GO  feet  and  divisible  by  15.  The  width  should 
be  at  least  20  feet  and  divisible  by  5  or  whatever  lane  width  is  required  in 
the  locality  for  swimming  competition.  These  requirements  are  specified 
so  that  the  pool  may  be  used  for  official  races  and  other  contests.  The  height 
of  the  diving  boards  and  required  depths  and  surface  areas  necessary  for 
safe  use  must  also  be  given  study. 

Water  inlets  should  be  spaced  around  the  periphery  of  the  pool  to  provide 
uniform  distribution  of  water.  About  50  percent  of  the  recirculated  water 
should  enter  the  shallow  section  and  outlets  should  be  located  in  the  bot¬ 
tom  at  the  deepest  section  to  facilitate  good  circulation  through  the  pool. 
Pipe  outlets  must  be  protected  by  a  grating  having  an  area  at  least  4  times 
that  of  the  cross  section  of  the  drain  pipe  to  reduce  suction  currents.  Drain 
lines  to  the  sewer  must  have  an  air  gap  between  the  lines  and  the  sewer  to 
prevent  direct  cross  connections.  Connections  for  “make  up”  water  from 
the  municipal  water  supply  should  not  be  made  directly  to  the  pool  recir¬ 
culating  system  nor  should  they  enter  the  pool  below  the  high-water  line 
of  the  pool  so  that  possible  back-siphonage  from  the  pool  into  the  potable 
water  system  can  be  avoided.  Overflow  gutters  should  extend  completely 
around  the  pool  and  be  designed  so  that  debris  caught  in  them  will  not  be 
washed  back  into  the  pool  by  water  movement. 

Walkways  should  be  constructed  with  a  non-slip  finish  and  a  curb  1  foot 
wide  and  6  inches  high  should  be  placed  around  the  pool  edge  to  prevent  sur¬ 
face  drainage  or  wash  water  from  entering  the  pool.  Water  for  pools  should 
not  be  heated  artificially  above  78°  F.  in  order  to  prevent  optimum  tempeia- 
tures  for  pathogenic  organisms. 

BATHER  LOADS 

The  most  recent  standards^  prescribe  that  when  a  fill  and  draw  pool  is 
used  the  total  number  of  persons  using  it  between  changes  of  water  should 
not  exceed  1  per  500  gallon  capacity  of  the  pool.  Flow-through  pools  with¬ 
out  disinfection  are  limited  to  1  person  per  500  gallons  of  new  water  added. 
If  continuous  disinfection  is  used  the  permissible  swimmer  load  is  increased 
but  the  exact  extent  depends  upon  the  bacteriological  conditions  prevailing 
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in  the  water.  One  iiu’estigator  has  suggested  a  ma.ximum  load  at  any  time 
of  one  person  per  35  to  45  square  feet  of  pool  area.  Recirculating  pools 
equipped  with  filtration  systems  which  constantly  maintain  a  residual  of 
available  chlorine  of  0.4  to  O.G  ppm.  or  its  equivalent  have  no  maximum 
limit  on  the  number  that  may  bathe  before  the  pool  is  drained  and  refilled. 
The  maximum  number  of  bathers  at  any  one  time  should  not  exceed  one 
per  35  to  45  square  feet  of  pool  area.  As  long  as  bacteriological  and  physical 
characteristics  of  the  water  remain  satisfactory  there  is  no  need  to  restrict 
the  number  of  persons  who  use  the  pool  in  any  one  day.  This  presupposes 
that  the  circulation  system  will  be  operated  at  a  rate  to  give  at  least  3 
turnovers  of  the  pool  contents  in  24  hours  and  that  chlorine  is  maintained 
at  an  available  residual  of  0.4  to  0.6  ppm. 


LOCKER  ROOMS 

Locker  room  sanitation  is  a  very  important  part  of  swimming  pool  design 
and  operation  for  the  danger  of  infection  especially  of  foot  diseases  is  a 
great  hazard.  The  floors  should  be  smooth  and  well  drained  to  facilitate 
frequent  washing.  All  furniture,  lockers,  and  other  equipment  should  be  of 
rnetal  to  peimit  effective  cleaning.  Proper  ventilation  is  important  espe¬ 
cially  in  the  case  of  indoor  pools  and  the  patrons  should  be  protected  from 
unnecessary  or  excessive  drafts  of  cold  air.  Open  air  courts  for  dressing  and 
undressing  are  desirable  where  patrons  will  accept  them. 

The  sanitary  protection  of  a  swimming  pool  anti  its  patrons  can  be  greatly 
enhancecl  by  capable  alert  locker  room  attendants.  All  bathers  should  be 
required  to  take  a  cleansing  soap  shower  in  the  nude  before  putting  on  a 
bathing  suit  and  an  attendant  stationed  at  the  showers  should  observe  the 
prospective  bathers  for  indications  of  disease  or  illness  which  might  prove  a 
menace  to  others  m  the  pool.  Warm  water  should  be  provided  for  shower 
baths  wherever  possible  so  that  the  cleansing  bath  may  be  fully  effective 
Vith  cold  water  the  bather  frequently  does  little  more  than  run  through 

should  be  ''is^mfort  of  the  chilly  water.  Water  for  showers 

'  Zer  S i  n  T  r  “  ‘he  use  of  pool  water  for 

iSnoveis  should  not  be  permitted. 

The  locker  room  floors  should  be  washed  daily  and  treated  with  a  steril 
-ng  chemical,  such  as  a  0.3  to  0.6  percent  solution  of  avadable  chloZ  ' 
O  pi  event  the  spread  of  foot  infections  or  athlete’s  foot  fl  •  i  ’ 

of  this  infection.  mpo.tant  iactors  in  preventing  the  spread 

Adequate  toilet  facilities  conveniently  located  are  a  necessity.  One  toilet 
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ALL  PATRONS  ARE  SUBJECT 
TO  THE  FOLLOWING 
RULES  AND  REGULATIONS: 


1.  Ali  persons  must  take  a  cleansing  shower-bath  in  the 
nude,  using  soap  and  thoroughly  rinse  off  all  soap  suds 
before  putting  on  bathing  suit. 

2.  All  bathers  should  use  the  toilets  and  particularly 
empty  the  bladder  before  taking  the  cleansing  bath. 

DO  NOT  URINATE  IN  THE  POOLS 

3.  Any  person  having  any  skin  disease,  sore  or  inflamed 
eyes,  cold,  nasal  or  ear  discharges,  or  any  communicable 
disease  will  be  prohibited  from  using  the  pools. 

4.  Spitting,  spouting  of  water  or  blowing  the  nose  in  the 
pools  is  strictly  prohibited. 

5.  Eating  permitted  at  refreshment  stand  only. 

6  Walk  upright  and  do  not  run  or  crouch  when  passing 
through  the  showers  at  entrance  to  the  pool  enclosure 
or  sand  beach  showers. 

7.  Chasing  each  other  around  the  sand  lieacli  or  pool  deck 
permitted  unless  too  violent. 

8.  No  newspapers  or  pool  towels  are  to  he  carried  out  on 
the  sand  lieach. 


Fig.  85a.  Suggested  swimming  pool  rules  and  regulations. 
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for  every  40  women  and  one  toilet  and  one  urinal  for  every  GO  men  is  the 
minimum.  A  shower  for  every  40  persons,  based  upon  maximum  pool  load, 
is  adequate. 

Suggestions  for  patrons  should  be  posted  in  conspicuous  places  in  the 
locker  rooms  and  also  on  the  pool  deck  reminding  them  that  their  coopera¬ 
tion  is  necessary  for  the  proper  control  of  the  pool  for  their  maximum  pro¬ 
tection.  Suggested  sanitary  rides  to  be  included  in  a  poster  are  shown  in 


Fig.  85b.  Interior  swimming  pool,  Hill  School 
Filter  Manufacturing  Co.) 


,  Pottstown,  Pa.  (Courtesy,  Roberts 


Figure  85a.  The  guards  as  well 
force  the  regulations. 


as  the  locker  room  attendants  should 


en- 


SUITS  AND  TOWELS 

The  proper  care  of  suite  ami  towels,  when  these  are  provided  hv  the  man 

Si,  '  “*■  I,,.!  »  2 
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The  management  of  many  pools  finds  it  more  economical  to  have  towels 
cleaned  by  an^outside  laundry  service,  but  this  operation  can  easily  be 
accomplished  in  the  pool  laundry  where  the  suits  are  treated.  Satisfactory 
disinfection  can  be  obtained  without  bleaching  colored  suits  by  using  qua¬ 
ternary  ammonium  compounds  in  1 ;  1000  dilution  after  washing  with  hot 
water  and  soap. 

The  use  of  swimming  suits  of  all  wool  type  should  be  discouraged  and 
suits  of  all  cotton  or  of  a  low  percentage  of  wool  substituted  to  permit  proper 
washing  in  hot  water  without  causing  danger  to  the  fabrics. 


SAND  BEACHES 

Many  out-door  pools  are  now  constructed  with  a  sand  beach,  a  basic 
part  of  the  bathing  facilities,  on  which  the  bathers  sun  themselves.  These 
beaches  should  be  separated  from  the  pool  by  a  fence.  Persons  using  the 
beach  area  should  be  required  to  take  a  shower  before  re-entering  the  pool 
to  prevent  sand  from  being  carried  into  the  pool  on  the  suits  of  the  bathers. 
Sand  beaches  should  be  raked  daily  to  remove  debris. 


WATER  PURIFICATION  FOR  RECIRCULATING  POOLS 

The  water  in  a  recirculating  pool  should  be  recirculated  at  a  rate  to  give 
one  complete  change  of  water  at  least  every  8  hours.  During  this  recircula¬ 
tion  the  water  should  be  disinfected  and  passed  through  filters  to  remove 
dirt  and  turbidity. 


Water  Treatment 

The  water  leaving  the  pool  first  passes  through  a  hair  strainer  in  which 
hair,  lint,  rubber  particles  from  bathing  caps  and  shoes,  and  other  foreign 
matter  which  might  clog  the  impellers  of  the  pump  or  filter  beds  are  re¬ 
moved  Next,  the  water  passes  through  filters  for  clarification.  If  sand  hl- 
ters  are  used,  alum  must  be  added  prior  to  filtration  to  form  a  floe  that 
coats  the  top  of  the  sand  bed— the  same  procedure  as  used  in  the  treatment 
of  drinking  water.  An  average  dose  of  0.5  ppm.  is  effective.  The  pun  ca- 
tion  principles  are  similar  to  those  tor  a  drinking  water  supply  Soda  ash 
is  applied  io  maintain  the  pH  of  the  water  between  7.2  an<y  Tins  al¬ 
kalinity  will  prevent  eye-smarting  when  chlorine  is  used  foi  disinfect  . 

Filtration  equipment  must  have  sufficient  capacity  to  purify  the  tota 
volume  of  pool  water  every  8  hours.  The  recirculating  pump,  of  similm 

capacity,  takes  suction  directly  from  the  pool  and  * 

filters  Standard  pressure  filters  are  generally  used  (page  lol).  A  filtei  lat 
f  •!  o.dlnns  ner  suuare  toot  per  minute  is  satisfactory  with  a  back  «.i5 
rite  omXs  prsquare  foot  per  minute.  Filters  must  be  wasW  when 
a  differential  of  5  pounds  is  noted  between  the  gauge  on  re 
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the  effluent  lines.  Regardless  of  minimum  pressure  loss,  filters  should  be 
back  washed  every  day. 

The  new  compact  diatomaceous  earth  filter  using  a  silica  filter  aid 
and  operating  under  pressure  is  satisfactory  for  swimming  pool  water 
purification.  Its  economical  use  depends  upon  cheaper  operating  costs. 
The  space  required  leaves  more  space  for  other  purposes  and  reduces  con¬ 
struction  costs.  Preliminary  treatment  of  water  with  a  coagulant  is  un¬ 
necessary  which  decreases  treatment  cost  and  makes  operation  easier.  The 
amount  of  water  required  for  backwashing  diatomaceous  earth  filters  is 
much  less  than  that  required  for  sand  filters.  This  gives  further  saving  in 
time  and  money. 


Fig  86.  Typical  recirculating  filtration  system.  (Courtesy,  William  B  Scaife 
Sons,  Co.) 


Disinfection 

Chlorine  is  the  chemical  usually  used  for  the  bactericidal  treatment  of 

swimming  pool  water.  Bromine  is  used  in  some  states  but  its  use  is  not 
permitted  m  others. 

Chlorine  may  be  added  as  a  gas  using  chlorinators  similar  to  those  in 
water  treatment  plants.  Since  the  treatment  of  the  water  is  important  as  a 
disease  preventive  measure,  this  type  of  chlorinating  equipment  is  desir 
able  wherever  the  size  of  the  pool  will  permit  the  investmenrof  thLoi  y 
lequired  for  equipment.  A  simpler  method  of  applying  the  chlorine  is  in  I 
so  ution  obtained  from  calcium  hypochlorite  or  sod'ium  hypochlorite  using 
a  simple  displacement  pump  to  force  thesolution  into  the  rec  rculation  ’wate, 
A  strong  solution  of  chlorine,  usually  about  2  percent,  i^  «  in  an 
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earthenware  crock  or  rubber  lined  tank  by  using  the  proper  amount  of 
high  test  calcium  hypochlorite.  Aqueous  solutions  of  sodium  hypochlorite 
can  also  be  purchased  on  the  market.  The  displacement  pump  is  regulated 
to  give  an  amount  of  the  solution  sufficient  to  maintain  the  desired  chlorine 
lesidual  in  the  pool  water.  Addition  of  the  chlorine  should  be  continuous, 
not  spasmodic. 

Since  the  pH  of  the  water  has  an  important  bearing  on  the  activity  of 
the  chlorine  as  a  bactericide  and  also  on  prevention  of  eye  smarting  appara- 


Fig.  87a.  Diatomaceous  earth  filter  installation.  (Courtesy,  Proportioneers,  Inc.) 

tus  must  be  at  hand  to  test  the  pH  of  the  water.  The  desirable  range  has 
been  found  to  be  7.2  to  7.6.  A  pH  lower  than  7.2,  i.e.,  7.1  or  7.0,  would  give 
better  bactericidal  activity  but  it  would  also  result  in  more  trouble  to  sw  im¬ 
mers  because  of  irritated  eyes.  Likewise,  testing  kits  to  determine  the  chloi- 
ine  residual  must  be  available  at  all  pools  and  the  operators  lesponsible 
for  the  pool  must  know  how  to  make  readings. 

Some  pools  were  built  before  chlorinating  equipment  was  available. 
Operation  of  these  will  present  a  public  health  hazard,  but  there  are  times 
when  it  is  desirable  to  make-shift  and  permit  operation  of  such  pools.  Cal¬ 
cium  hypochlorite  can  be  scattered  over  the  pool  by  hand,  the  water 
agitated  by  means  of  paddles  and  then  tested  to  determine  the  residual 
content.  With  practice  the  operator  can  determine  how  much  of  the  high 
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test  compound  he  must  add  to  get  the  desired  residual.  Since  this  method 
of  application  will  result  in  areas  of  excessive  concentration  until  the  water 
is  agitated,  swimmers  should  not  he  allowed  in  the  water  during  the  chloii- 
nating  process.  Tests  should  lie  taken  at  least  every  2  houis  once  swimming 
has  been  started  so  that  the  pool  can  be  rechlorinated  when  the  residual 
drops  below  the  desired  strength.  This  means  that  the  pool  must  be  emp¬ 
tied  of  swimmers.  Quite  obviously,  this  is  an  undesirable  method  and 
should  be  resorted  to  or  permitted  only  under  unusual  conditions. 

Bromine  has  found  wide  use  in  Illinois  where  in  1948  about  10  percent 
of  public  pools  used  this  chemical.  Water  is  bubbled  through  liquid  bromine 
at  a  rate  fast  enough  to  give  the  concentration  of  bromine  desired  in  the 
pool.  Advantages  in  the  use  of  bromine  are  given  asd 

“Operators  using  bromine  are  quite  partial  to  it,  mainly  for  reasons  aside  from 
its  disinfecting  power.  They  claim  the  equipment  is  safer  and  easier  to  operate 
and  maintain  than  a  gas  chlorinator,  the  bromine  residual  is  more  stable  and 
tenacious  than  chlorine  residual,  there  is  less  likelihood  of  swimmers  complain¬ 
ing  of  odors  and  irritation,  and  the  bromine  keeps  the  filter  sand  in  cleaner 
condition.” 


Bromine  in  waters  low  in  organic  matter  is  equally  effective  with  chlorine 
as  a  bactericide. 

The  orthotolidine  test  is  effective  for  bromine  in  water,  as  it  is  for  chlor¬ 
ine.  The  standard  chlorine  test  kit  can  be  used  for  determining  bromine 
residual  except  that  the  residual  of  the  latter  will  be  twice  that  read  on  the 
chlorine  test  apparatus.  A  residual  of  0.5  ppm.  should  be  carried. 

Bromine  fumes  are  irritating  to  the  eyes  and  lungs.  Any  of  the  liquid 
splashed  on  the  skin  will  produce  burns  unless  washed  off  promptly.  Pre¬ 
cautions  in  handling  bromine  should  be  about  the  same  as  those  used  in 
handling  chlorine. 

Algae  Control 


In  any  type  of  pool,  whether  complete  or  partial  treatment  is  gi\'en  the 
water  for  sanitary  control,  algae  growths  will  occur  and  must  be  prevented 
or  removed.  These  green  slimy  growths  appear  on  the  sides  and  bottom  of 
the  pool  producing  a  hazard  to  the  bathers.  The  appearance  of  the  water 
Itself  will  also  be  less  inviting.  Tastes  and  odors  will  be  imparted  to  the 
water  which  may  be  intensified  by  the  chemicals  used  in  the  purification 
process.  Prevention  of  algae  growth  rather  than  algae  remo^'al  should  be 
the  aim  of  every  pool  operator  and  may  be  accomplished  by  treating  the 
water  contiiiuously  with  small  doses  of  copper  sulphate.  Application  of 

bplTf  I"}  per  million  gallons  has 

been  found  effec  ive  in  most  pools.  The  chemical  is  addinl  by  dragging  a 

bag  containing  the  required  quantity  for  one  application,  10  pounds  for  a 
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million  gallons  of  water,  around  the  pool  until  all  the  copper  sulphate  is 
dissolved.  Treatment  two  or  three  times  weekly,  after  the  pool  has  closed 
for  the  day  is  suggested.  This  compound  may  also  be  fed  to  the  water  dur¬ 
ing  the  filtration  process.  Maintaining  a  free  available  chlorine  residual  in 
the  pool  water  will  prevent  the  growth  of  algae.  Some  of  the  quaternary 
ammonium  compounds  give  promise  of  effective  control. 

POOL  CLEANLINESS 

Although  treatment  of  pool  water  is  of  paramount  importance,  the  clean¬ 
liness  of  the  pool  itself  must  be  given  continuous  attention  if  the  pool  is 
to  be  attractive  and  safe.  New  Avater  should  be  added  to  pools  each  morning 
until  the  overflow  of  water  into  the  gutters  removes  all  floating  material. 
Accumulations  of  dirt,  suit  lint,  pieces  of  rubber  shoes  and  caps  and  other 
debris  will  be  found  in  the  bottom  of  the  pool.  Algae  which  have  been 
killed  by  copper  sulphate  will  cling  to  the  sides  and  bottom  and  must  be  re¬ 
moved  by  use  of  special  vacuum  cleaners  or  else  be  scraped  to  one  of  the 
pool  outlets  and  flushed  into  the  sewer.  Pools  should  be  cleaned  in  this 
manner  before  opening  for  the  day  and  after  the  dirt  has  had  time  to  settle 
from  the  previous  day’s  operation. 

Walkways,  diving  boards,  slides  and  other  appurtenances  around  the 
pool  should  be  treated  daily  with  a  sterilizing  solution  similar  to  that  sug¬ 
gested  for  locker  room  floors.  Clarity  of  pool  water  should  be  such  that 
distinct  engraving  may  be  seen  on  a  dime  lying  on  the  bottom  in  deep  water. 
Bacterial  samples  should  be  collected  daily  and  tests  for  residual  chlorine 
by  the  orthotolidine  arsenite  method  made  every  2  hours.  pH  determinations 
should  be  made  at  least  daily  and  always  after  new  water  has  been  added. 

BACTERIAL  STANDARDS 

The  efficiency  of  water  treatment  equipment  and  chemicals  now  available 
makes  it  possible  to  maintain  swimming  pool  water  that  has  bacteriological 
standards  equal  to  those  of  drinking  water.  B.  coli  is  taken  as  the  test  or¬ 
ganism  and  many  requirements  call  for  counts  no  higher  than  would  be 
acceptable  for  drinking  water.  (See  discussion  of  drinking  water.  Chapter  6.) 
Two  other  counts  are  frequently  made;  one  is  the  total  bacterial  count  and 
the  other  a  streptococci  count.  Standards  vary  from  state  to  state  and 
from  community  to  community.  A  total  bacterial  count  of  200  per  ml. 
indicates  unsatisfactory  operation. 

RECORDS 

\cciii'ate  records  arc  very  valuable  in  swimming  pool  operation  as  tliey 
provide  a  moans  for  the  health  department  to  check  the  precautions  being 
taken  to  protect  the  health  of  the  bathers.  In  addition  the  pool  operator 
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has  this  insurance  against  criticism  of  faulty  or  careless  control.  Occasional 
operating  difficulties  can  be  corrected  by  reference  to  previous  treatment. 
Economy  of  the  treatment  as  well  as  its  effectiveness  may  also  be  deter¬ 
mined.  Many  state  health  departments  require  weekly  or  monthly  operat¬ 
ing  reports  which  can  be  obtained  only  from  good  daily  records. 

All  chemicals  added,  the  amount  of  water  treated,  number  of  bathers 
using  the  pool,  the  various  chemical  tests  and  results  of  bacteriological 
tests  should  be  recorded  on  a  daily  operating  sheet.  A  form  shown  in  Figure 


REPORT  ON_ 


^SWIMMING  POOL  AT_ 


_FOR  MONTH  OF_ 


RecmcuoTiON 


New 

WATER 

AODCD 


OVER- 

noweo 

TO  WASTE 


CHLORINATION 


RCMARRS. 

RmI  URKltT  lA  plA  -  - 


REMARKS  "0»tR"  « 


- REPORT  OV_ 


Fig  87b  Swiniming  pool  report  form.  (Courtesy,  Clarence  W.  Klassen,  Illinois 
Department  of  Public  Health.) 

87b  has  been  used  in  one  of  the  states  for  many  years.  A  score  card  sys¬ 
tem  for  rating  the  swimming  pools  should  cover  engineering  details  of  pool 
structure,  ventilation,  light,  dressing  room  construction,  showers  toilets 
characteristics  of  water,  bather  control,  and  records.  A  comparison’ of  these 
scores  over  a  given  period  of  time  gives  a  true  index  of  the  efficiency  or 
inefficiency  of  pool  management. 


WADING  POOLS 

Wading  pools  are  fre<,uentl,v  pi-ovi<l«l  atijacont  to  swimming  pools  for 
the  entertainment  of  young  ehililren.  Similar  fadlities  are  proviileil  in  park 
and  playgronnds.  Control  of  the  habits  of  the  yonngsters  is  not  so  eas^as 
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is  the  case  for  adults  using  swimming  pools.  As  a  result,  much  more  pollu¬ 
tion  enters  wading  pools  than  is  the  case  in  swimming  pools,  considering  the 
number  of  jieople  using  each.  In  addition,  wading  pools  are  usually  rela¬ 
tively  small. 

jMany  of  the  children  will  get  down  in  the  water  of  the  wading  pools  and 
either  attempt  to  swim  or  crawl  around  in  the  water.  Others  may  scoop  the 
water  up  in  their  hands  and  drink  it.  Adequate  measures  must  be  taken 
to  protect  the  children  against  infection  through  the  water. 

The  wading  pools  should  be  tlrained  and  refilled  at  least  twice  a  day.  A 
constant  flow  of  fresh  water  should  be  added  to  the  pools  whenever  they 
are  in  use.  Since  the  degree  of  pollution  of  the  water  is  likely  to  be  high 
it  is  better  to  waste  water  from  the  pool  than  to  attempt  to  treat  the  water 
in  conjunction  with  swimming  pools.  A  residual  of  0.5  ppm.  of  free  avail¬ 
able  chlorine  should  be  maintained  in  the  fresh  water  entering  the  pools. 
Toilets  adjacent  to  the  wading  area  are  desirable. 


NATURAL  BATHING  AREAS 


The  sanitation  of  natural  bathing  areas  is  more  difficult  and  variable 
than  that  of  artificial  pools.  With  the  latter,  pollution  comes  either  from 
the  water  admitted  to  the  pool  or  else  from  the  bathers.  The  quantity  of 
each  can  be  compensated  for  by  methods  of  treatment.  The  pollution  in 
natural  waters  is  something  that  cannot  be  measured.  Besides,  the  vol¬ 
umes  are  usually  much  larger  than  any  found  in  artificial  pools,  dhe  effect 
of  sunlight  and  tides  has  a  contributory  influence  on  the  quality  of  the  water 


at  any  one  time. 

The  physical  facilities  provided  for  bathers  at  artificial  pools  should  be 
made  available  at  natural  bathing  beaches.  These  include  properly  con¬ 
structed  dressing  and  bathing  rooms,  toilets,  and  drinking  ^\atel.  Life 
guard  precautions  must  be  more  extensive.  However,  the  general  opera¬ 
tion  of  the  area  is  the  same  as  that  for  artificial  pools. 

The  bacteriological  quality  of  natural  bathing  waters  can  be  controlled 
to  a  much  less  degree  than  can  waters  in  artificial  pools.  Furthermore, 
there  has  been  no  proof  of  illness  transmitted  through  natural  bathing 
waters.  Although  bacterial  counts  are  accepted  as  having  some  signi  - 
cance  there  is  no  agreement  on  specific  limits  of  pollution.  There  is  genera 
agreement  on  the  fact  that  obvious  signs  of  pollution  with  human  excie- 
nfent-is  more  important  than  bacterial  counts.  All  natural  bathing  vateis 
should  be  inspected  to  determine  whether  or  not  there  is  any 
of  wastes  from  septic  tanks,  cesspools,  privies,  or  primary  sewage  tieatmen  , 
ir  mtering  the  bathing  water,  through  the  action  ot  current.,  tnle., 
wind,  or  other  natural  forces.  If  such  pollution  is  possible,  the  bathing  aiea 
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should  lie  condemned  for  bathing  as  a  precautionary  measure.  Location  of 
foci  of  human  waste  jiollution  is  particularly  important  in  fresh  water  bath¬ 
ing  areas  where  the  quantity  of  water  may  be  much  less  than  that  found  in 
salt  water  beaches. 

Studies  have  been  made  in  an  effort  to  determine  reasonable  bacterial 
standards.  (Ine  state  has  made  extensive  surveys  of  the  physical  charac- 


Fig  87c  Esteiior  sivimming  pool,  Audubon  Park,  New  Orleans,  La.  (Courtesy, 
Roberts  Filter  Manufacturing  Co.)  ^ 

tensdics  of  salt  water  beaches  and  correlated  those  with  B.  coli  counts.  On 
t  le  basis  of  this  study  the  following  bacterial  standards  were  set : 


Average  Coliform  Index  Per  100  ml. 


Class  A 
Class  B 
Class  C 
Class  D 


0  to  50 
50  to  500 
500  to  1000 
Over  1000 


When  coliform  organism  densities  exceed 
considered  unsafe. 

Class  A  was  considered  good,  Class  D 


1000  per  100  ml.  the  beach  is 
poor  and  the  other  two  inter- 
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mediate  classes  ranged  from  fair  to  doubtful.  The  result  of  the  physical 
surveys  corroborated  the  bacteriological  findings. 

New  York  City  has  adopted  standards  for  its  beaches,  including  a  bac¬ 
terial  standard.  They  are: 


Class  A:  Approved  Beach  Waters 
Group  1.  Safe  Waters 

(a)  Epidemiological  experience  satisfactory,  and 

(b)  Sanitary  survey  satisfactory,  and 

(c)  Coliform  average  not  in  excess  of  1,000  per  100  ml. 

Group  2.  Approved,  but  subject  to  reclassification  in  light  of  continuing  ob¬ 
servation. 

(a)  Epidemiological  experience  satisfactory. 

(b)  Sanitary  survey  satisfactory  but  beach  waters  exposed  to  increasing 
pollution,  or 

(c)  Coliform  average  above  1,000  but  not  in  excess  of  2,400. 

Class  B:  Polluted  Beach  Waters  Not  Recommended  for  Bathing 

(a)  Epidemiological  experience  satisfactory 

(b)  Sanitary  survey  discloses  sewage  material  on  beach  or  in  water  immedi¬ 
ately  adjacent  to  beach,  and 

(c)  Coliform  average  above  2,400,  with  50  per  cent  of  samples  in  average  above 
2,400 

Class  C:  Unsafe  Beach  Waters 

(a)  Epidemiological  experience  discloses  evidence  of  infection  incident  to 
beach  bathing 

(b)  and  (c)  Not  necessarily  relevant  in  light  of  (a)  above. 


SUMMARY 

Even  though  there  is  little  conclusive  evidence  to  show  the  transmis¬ 
sion  of  disease  through  waters  in  swimming  areas  the  possibility  of  such 
in  unregulated  pools  and  beaches  is  something  that  must  be  lecognized. 
There  can  be  no  question  of  the  positive  value  to  health  of  good,  well- 
regulated  facilities.  Information  of  a  definitive  nature  is  lacking  to  show 
what  standards  of  sanitation  must  be  attained  to  protect  health.  Some 
principles  have  been  suggested.  It  behooves  all  persons  active  in  public 
health  duties  to  investigate  further  any  factors  that  seem  to  indicate  rela¬ 
tionships  between  disease  and  conditions  in  swimming  pools.  Equally  im¬ 
portant  is  the  interest  of  these  people  in  maintaining  the  conditions  of 
swimming  areas  in  good  shape  so  that  the  maximum  positive  value  can  be 

obtained  from  them. 
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Chapter  XII 


ENVIRONMENTAL  SANITATION  AND 
PUBLIC  HEALTH 


The  term  “environmental  sanitation”  in  its  broadest  sense  includes  all 
of  those  factors  of  the  environment  that  may  have  some  influence  on  the 
health — both  from  a  positive  and  a  negative  viewpoint — of  man.  In  this 
chapter  the  term  is  used  to  refer  only  to  those  more  direct  influences  of  the 
environment  that  play  a  part  in  the  health  of  everyone.  Food,  water,  and 
sewage  have  been  discussed  already.  Insects,  rodents,  and  general  ven¬ 
tilation  will  be  treated  later. 

\  The  sanitary  control  of  the  environment  is  usually  necessitated  by  the 
crowding  of  people  into  comparatively  small  areas.  The  more  favorable 
conditions  under  which  people  live  the  healthier  they  will  be.  Atmospheric 
pollution,  poor  housing,  excessive  noise,  and  industrial  hazards  are  im¬ 
portant  factors  in  every  day  living.  These  are  conditions  applicable  to  ur¬ 
ban  areas  particularly  although  those  of  poor  housing  and  certain  industrial 
hazards  are  important  in  rural  areas. 


ATMOSPHERIC  POLLUTION 

Air  contamination  is  associated  with  population  density  and  with  indus¬ 
trial  activity  with  its  contributions  of  gases,  fumes,  mists,  dusts,  and  odors 
to  the  atmosphere.  Some  of  these  contaminants  may  be  classified  only  as 
nuisances,  while  others,  if  present  in  sufficient  quantity,  may  affect  health. 
Certain  dusts  and  gases  may  be  present  naturally  in  outdoor  air  in  amounts 
too  insignificant  to  be  of  public  health  importance.  These  same  materials 
may  be  disseminated  m  sufficient  concentration  in  the  atmosphere  at  indus- 
tna  plants  to  affect  the  health  of  the  employees.  Contaminants  of  the  at¬ 
mosphere  are  of  a  diversified  character.  Advancement  of  our  knowledge  of 
the  relation  of  these  foreign  materials  to  comfort  and  well  being  has  re- 
sutted  m  an  increasing  demand  for  clean  air.22 

It  must  be  remembered  that  occasionally  demands  for  air  cleanliness  are 
unreasonable.^^  The  air  of  an  industrial  city  cannot  be  as  clean  as  that  of 
the  open  country,  and  this  is  part  of  the  cost  civilization  must  pay  for  the 
benefit  of  industry.  However,  industry  has  an  obligation  to  do  alUossible 

are  not  usually  definite  health  hazards.  nuisance  but  they 
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^\  ithill  the  past  20  years  tliere  luu’e  been  two  known  disasters  caused  by 
fumes  and  smoke  laden  fog.  A  heavy  fume  laden  fog  settled  over  the  Meuse 
River  valley  near  Li^ge,  Belgium  for  3  days  during  December  1930,  causing 
63  deaths  from  pulmonary  complications.  Cattle,  birds,  and  other  animals 
were  killed. Alore  recently  in  October  1948  at  Donora,  Pa.,  a  town  of 
13,000  population,  heavy  log  impregnated  wdth  smoke  and  fumes  from  steel 
mills  and  other  industrial  plants  persisted  during  a  period  ol  4  days  causing 
20  deaths  from  cardiac -respiratory  tract  causes.  Analysis  of  the  atmos¬ 
phere  showed  the  presence  of  fluoride,  chloride,  oxides  of  nitrogen,  hydro¬ 
gen  sulfide,^  cadmium  oxide  and  sullur  dioxide  as  the  possible  respiratory 
trace  irritants. Industrial  atmospheric  impurities  during  fogs  in  the 
Los  Angeles,  Calif.,  area  produce  serious  irritations  of  the  eyes  and  nasal 
passages.  These  conditions  occur  intermittently  and  are  directly  related  to 
temperature  inversions.^®  (Temperature  inversions  are  observed  primarily 
in  valleys  or  bowl  shaped  topography.  Through  various  meteorological 
conditions  a  blanket  of  warm  air  overlies  the  cool  air  in  the  valley.  Thus  a 
condition  contrary  to  that  normally  found  occurs  with  lighter  high  layers 
of  air  preventing  the  usual  convectional  air  currents  that  would  carry 
away  much  of  the  contamination.) 

Smoke  and  Dust 

Smoke  emission  is  spectacular  and  receives  the  most  criticism  for  caus¬ 
ing  air  pollution  but  actually  fly  ash  and  dust  are  of  equal  importance.  A 
recent  committee  report  (1948)  of  the  American  Public  Health  Association 
states : 


“Smoke  alone,  for  example,  in  excessive  (juantities  is  disagreeable,  discomfort¬ 
ing,  and  of  economic  significance,  but  the  evidence  so  far  collected  has  not  been 
able  to  establish  a  definite  relationship  between  smoke  and  health. 

“The  discharge  into  the  atmosphere  of  dusts  from  industries  such  as  smelters, 
cement  plants,  rock  crushers,  sand  blast  plants,  and  roofing  plants,  and  of  some 
of  the  organic  dusts  may,  however,  have  health  implications.’’’^ 


Smoke  is  a  product  resulting  from  the  incomplete  combustion  of  any 
fuel  and  is  composed  chiefly  of  finely  divided  particles  of  unburned  carbon. 
Other  constituents  such  as  tarry  compounds,  sulphur  dioxide  and  sulphur 
trioxide,  sulphurous  or  sulphuric  acids,  hydrogen  sulphide,  carlion  monox¬ 
ide  and  carbon  dioxide  and  a  fine  ash  containing  silica  and  iron  compounds 
are  found  in  varying  amounts.  Some  types  of  coal,  such  as  soft  coal  or  gas 
coal,  produce  much  more  smoke  than  the  so-called  low  volatile  or  semi- 
bituminous  coal.  Anthracite  or  hard  coal  is  known  as  a  smokeless  coal. 
The  various  grades  of  soft  coal  and  fuel  oil,  when  improperly  burned,  are 

chiefly  responsible  for  the  nuisance.  ■  cc 

The  constituents  of  smoke  which  are  responsible  for  damaging  effects  are 
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the  tarry  and  sulphurous  compounds.  In  the  presence  of  moisture  the  sul¬ 
phur  dioxide  and  sulphur  trioxide  are  converted  into  sulphurous  and  sul¬ 
phuric  acid.  These  acids,  together  with  the  tarry  compounds,  which  act 
as  a  coating,  accumulate  on  the  surfaces  of  l)uildings,  household  materials 
and  vegetation,  corroding  exposed  metal  surfaces,  and  retarding  the  growth 
of  or  destroying  trees,  shrubs  and  other  vegetation. 

Smoke  and  dust  particles  reduce  sunlight,  produce  a  haze,  and  increase 
the  density  of  fogs.  The  economic  loss  from  smoke  and  dust  has  frequently 
been  evaluated  for  different  cities  and  varies  from  $10  to  $30  per  capita 
per  year.^®  The  classic  investigation  in  14  of  the  largest  cities  in  the  United 
States,  reported  in  1936,  established  fundamental  data  upon  which  to  base 
smoke  and  dust  abatement  programs. 


Fig.  88.  A  micro  photograph  of  atmospheric  dust 


oi  tne 


This  study  found  that  such  factors  as  the  season  of  the  year,  time 
day,  and  wind  velocity  were  of  significance  in  causing  variations  in  the 
amount  of  pollution.  Contrary  to  the  belief  that  “rain  clears  the  air” 
the  records  of  the  automatic  air  filters  used  as  part  of  the  study,  failed 
to  show  any  definite  decrease  in  atmospheric  pollution.  The  average 
amount  of  suspended  matter  in  the  air  during  the  winter  months  was  5.1 
milligrams  per  10  cubic  meters  of  air;  of  which  65  percent  consisted  of  car- 
onaceous  matter,  35  percent  ash,  12  percent  silica  and  2  percent  iron  oxide. 
The  sulphur  content  of  the  atmosphere  averaged  0.73  milligrams  in  10 
cubic  meters  of  air  during  the  winter  months  and  showed  a  close  correlation 
vvith  the  amount  of  carbonaceous  matter  present.  The  median  size  of  the 
dust  particles  siLspended  in  t  he  air  was  0.58  micron.  An  average  of  815  dust 
|wUde»  per  cu  nc  cendmetor  .,f  ah-  was  foun.l  .luriiiK  tl.e  winl,o,'  months 
Atmosphcnc  polluticm  was  found  to  be  greatest  in  tlie  winter,  re:uel>ing  a 
maamum  ni  December  or  January.  Tlio  greatest  density  occurred  al.Lt 
-  .30  m  tl.e  mornmg,  with  a  lull  during  the  noon  hour.  The  minimum  was 
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about  3 : 30  in  the  morning  with  a  secondary  maximum  at  8  P.M.  The  veloc¬ 
ity  of  the  wind  was  found  to  have  a  marked  bearing  on  the  degree  of  pollu¬ 
tion,  particularly  during  the  morning  “starting  up”  or  the  7:30  period. 
There  have  been  many  subsequent  studies  of  dust  and  soot  fall  in  various 
cities  that  have  in  general  confirmed  the  basic  principles  cited  above.®  - 
The  technique  employed  depicts  variations  in  atmospheric  conditions 
lathei  than  accurate  evaluation  of  fly  ash  and  soot  deposited  from  spe¬ 
cific  locations.  It  is  now  realized  that  the  amount  of  material  deposited  in  a 
given  collector  is  affected  by  wind  velocity,  position  in  relation  to  higher 
or  lower  buildings,  rainfall,  and  size  of  collector  openings.  Results  may 
therefore  vary  over  wide  ranges.  A  recent  test  in  Pittsburgh  showed  that 
atmospheric  inversion  is  the  most  important  factor  in  the  occurrence  of 
high  dust  counts  and  that  measurement  of  dust  deposition  at  a  given 
location  does  not  reflect  general  combustion  conditions.® 

The  Ringleman  chart  is  commonly  used  as  a  measure  of  smoke  density. 
Black  smoke  is  defined  in  many  ordinances  as  the  concentration  equivalent 
to  No.  2  grade  on  the  chart.  Usually  the  law  limits  the  emission  of  such 
smoke  to  a  period  not  exceeding  2  minutes  in  every  15  minutes  of  firing. 
Violations  are  subject  to  fine.  Air  pollution  surveys  should  include  the 
number  of  suspended  particles,  with  their  weight  and  composition,  in  a 
specified  volume  of  air;  density  of  condensation  nuclei;  measurement  of 
daylight  transmission;  and  the  concentration  of  ultraviolet  radiation. 
Various  types  of  apparatus  have  been  developed  for  the  sampling  of  dust 
in  air,  such  as  electric  precipitators,  filters,  impinging  plates,  and  ato¬ 
mizers.®- 

Smoke  control  ordinances  are  usually  drawn  to  regulate  industrial  firing, 
but  there  is  also  a  tendency  to  include  dwellings.  Railroad  engines  are  often 
required  to  observe  the  Ringleman  standard.  IMechanical  stokers  aie  being 
increasingly  utilized  to  feed  coal  into  the  fire  box  continuously  and  erratic 
combustion  temperatures  with  resultant  release  of  unburned  carbon  par¬ 
ticles  as  smoke,  so  frequently  seen  with  hand  firing,  is  eliminated.  The 
widespread  substitution  of  oil-burning  for  coal  burning  locomotives  has 
had  a  marked  beneficial  effect  in  reducing  smoke  pollution.  Small  indus¬ 
trial  plants,  apartment  houses,  hospitals  and  similar  institutions  retaining 
hand  fired  heating  equipment  are  the  greatest  offenders.  Careful  supei  vision 
and  training  of  firemen  can  decrease  the  frequency  and  duration  of  dense 

smoke  periods.  i  i 

Fly  ash  must  be  removed  by  mechanical  precipitation,  filters,  or  by  elec¬ 
trostatic  precipitation.  The  equipment  is  expensive  and  for  this  reason 

difficult  to  force  small  plant  owners  to  install  it.  i  •  i 

Control  practice  is  based  upon  an  inspection  service  with  an  educational 
program  for  plant  owners  and  firemen.  Educational  methods  should  be  o  a 
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general  and  of  a  specific  nature.  Plant  operators,  management,  apartment 
house  superintendents,  and  individual  house  owners  must  be  made  air 
pollution  conscious  and  taught  to  desire  better  conditions.  Specific  methods 
consist  of  discussions  with  these  groups  to  show  how  operations  can  be 
changed,  equipment  altered,  or  types  of  fuel  varied.  Meteorological  condi¬ 
tions  should  be  studied  and  efforts  made  to  locate  industries  likely  to  pro¬ 
duce  objectionable  smoke,  odors,  or  fumes  on  the  side  of  the  city  away  from 
the  prevailing  winds.  Field  crews  must  be  available  for  studies  to  locate 
centers  of  pollution  and  to  mark  the  progress  of  improvement  or  deteriora¬ 
tion.  Well  trained  and  competent  personnel  are  required  for  the  work. 
The  use  of  police  authority  is  reserved  for  the  flagrantly  uncooperative 
violator.® .  s .  24 . 27 . 34 

Smoke  control  enforcement  has  not  been  established  exclusively  as  a 
direct  function  of  health  agencies.  A  publication  of  the  Bureau  of  Mines®® 
distributes  the  responsibility  for  enforcement  as  follows: 


Public  Works  Department .  24  percent 

Building  Department .  23  “ 

Public  Safety  Department .  20 

Health  Department .  18  “ 

Fire  Department .  6  “ 

Miscellaneous .  9 


Odors  and  Fumes 

Fumes  may  be  considered  as  vapor  or  solid  particles  having  diameters 
between  0.1  and  1.0  micron  dispersed  in  air.^  They  are  the  basis  of  heavy 
fogs  condensed  over  industrial  areas  and  frequently  contain  considerable 
sulfur  bearing  oil  fumes.  Concentrations  of  free  sulfur  between  5  and  10 
ppm.  within  the  densities  encountered  from  oil  burning  equipment  produce 
eye  smarting.^®  Other  mucous  membrane  irritants  emitted  from  industrial 
plants  include:  “sulfur  dioxide,  chlorine,  phospne,  and  eye  irritants  such 

as  acrolein,  butadiene,  and  hydrogen  sulfide. 

Malodorous  sul)stances  frequently  produce  complaint  at  intensities  vary¬ 
ing  from  0.0001  to  0.1  ppm.^®  The  safe  concentration  of  sulfur  dioxide  at 
ground  level  has  lieen  determined  and  established  at  O.o  to  0.i5  ppm.^® 
Apparatus  has  been  developed  which  measures  and  records  tlie  concentra¬ 
tion  of  several  gases  in  air  making  possible  accurate  study  of  their  distribu¬ 
tion  in  a  given  area.®®  Unusual  odors  are  likely  to  cause  complaints  because 

the  public  is  not  accustomed  to  them.®^  .  •  1 

The  belief  that  foul  odors  cause  illness  and  also  are  a  factor  in  the  spreai 

of  communicable  disease  is  tenaciously  adhered  to  by  many  persons. 
Some  atmospheres  with  unpleasant  odors  suoli  as  those  oi  hydrof,en  sul- 
phkie  and  llphur  dioxide,  may  bo  Irarmful  if  the  g.,scs  arc  present  m  suffi¬ 
cient  concentration.  Generally  they  originate  from  industrial  piocesses 
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such  as  glue  factories,  fertilizer  production,  slaughter  houses,  and  oil  re¬ 
fineries.  They  can  be  ])revented  or  controlled.  Unpleasant  smells  caused  by 
decomposing  garbage,  tanneries,  rendering  ])lants  and  sewage  may  affect 
the  appetite  and  cause  nausea,  vomiting,  headache  and  dizziness.  These 
effects  are  only  temporary,  disappearing  with  the  removal  of  the  cause  or 
with  the  senses  becoming  accustomed  to  them. 

The  state  of  California  has  enacted  a  new  law  establishing  “air  pollu¬ 
tion  control  districts”  coincident  with  county  boundaries,^^  and  Cleveland, 
Ohio,  has  combined  smoke  abatement,  industrial  nuisance  and  industrial 
hygiene  into  an  air  pollution  control  unit  of  the  health  department.  Re¬ 
gardless  of  organizational  arrangement  air  pollution  abatement  is  a  direct 
responsibility  of  cooperative  action  among  these  agencies. 

Fume  and  odor  elimination  is  practical  only  at  the  source.^®  They  are 
problems  for  industry  with  supervision  by  control  agencies.  Removal  from 
industrial  waste  gases  may  be  accomplished  by  passage  through  scrubbing 
towers  or  by  burning  in  special  furnaces. 


Pollen  Control 


The  full  public  health  significance  of  allergic  responses  to  pollens  has  not 
been  determined,  but  the  elimination  of  pollens  has  been  assuming  greater 
impoitance  in  recent  years.  One  estimate  puts  the  number  of  persons  east 
of  the  Rocky  Mountains  who  suffer  from  ragweed  hay  fever  at  3,000,000. 
The  United  States  Public  Health  Service  has  estimated  that  the  ragweed 
gi  o\\  th  east  of  the  Rockies  is  sufficient  to  cause  symptoms  in  2  to  3  percent 
of  the  population  of  that  area. 

Ragveed  is  the  principal  offender  in  hay  fever  caused  by  pollens.  Con¬ 
trol  measures  are  directed  toward  the  elimination  of  the  ragweed  plant. 
The  plant  grows  in  freshly  disturbed  ground  and  extensive  areas  are  found 
ony  where  there  is  considerable  construction  of  new  bnilrlinD-s  TTnW_ 


I 
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Responsibility  for  control  operations  is  being  placed  in  the  health  de¬ 
partment  in  many  communities.  The  operations  are  usually  undertaken 
by  sanitation  or  street  cleaning  personnel  with  the  health  department 
directing  and  coordinating  the  work  and  the  police  department  making  the 
inspections.  Since  the  usual  mosquito  control  equipment  can  be  used  for 
spraying  weeds,  county  mosquito  control  units  are  conducting  the  field 
control  programs  in  many  rural  or  urban  areas.  In  come  communities  the 
program  has  been  financed  from  the  tax  levy;  in  others,  by  a  charge  to 
property  owners.®*  Pincus  reports®^  that  in  New  York  City  one  application 
of  2,4-D  was  successful  in  killing  ragweed  at  a  cost  of  $11  per  acre  for 
chemicals,  labor,  and  equipment  hire. 


Carbon  Monoxide 

Carbon  monoxide  when  present  in  inhaled  air  combines  with  the  hemo¬ 
globin  or  red  pigment  of  the  blood.  The  hemoglobin  of  the  blood  holds  oxy¬ 
gen  in  loose  combination  and  carries  it  to  the  body  tissues.  The  affinity  of 
hemoglobin  for  carbon  monoxide  is  about  2o0  times  its  affinity  foi  oxygen. 
Because  of  this  relationship  carbon  monoxide  when  inhaled  reacts  with  the 
hemoglobin  to  form  carboxyhemoglobin.  The  oxygen  so  combined  is  not 
available  for  the  usual  task  of  carrying  oxygen  to  different  parts  of  the 
body.  The  serious  deprivation  of  hemoglobin  results  in  death  from  asphyxi¬ 
ation.  Severe  asphyxiation  frequently  does  not  end  in  death  but  may  leave 

permanent  injury  to  the  brain  tissue. 

Carbon  monoxide  poisoning  depends  on  the  concentration  of  the  gas  in 
the  air  and  the  length  of  time  of  exposure.  Since  it  is  a  colorless,  odorless, 
and  tasteless  gas,  its  presence  is  not  detectable  until  symptoms  of  poisoning 
are  noted  A  concentration  of  0.04  percent  in  the  air  will  cause  mild  symp¬ 
toms  in  about  two  hours,  while  0.15  percent  causes  severe  symptoms  within 
an  hour  It  is  believed  that  for  prolonged  exposures  the  concentration 
should  not  exceed  0.01  percent  (100  ppm.).  High  temperatures,  high  hu¬ 
midities,  and  muscular  exercise  increase  the  absorption  rate  of  cai  on 

monoxide  in  the  blood. ^  .  , 

Whenever  organic  materials  such  as  coal  and  oil  are  burned,  car  lo 

monoxide  is  the  first  product  in  the  combustion  process.  If  an  adequate 
suddIv  of  air  is  available,  and  if  the  temperature  is  sufficiently  high,  this 
Zt  burned  to  carbon  dioxide,  a  luumleas  gas.  If  the  fuel  .s  no  com- 
+  1  hiirnod  because  of  poorly  constructed  heating  plants  oi  defectiv 

"The"Z.^itV.t'oniluminating  gas  as  a  fuel  and  the  widespread 
popularity  of  automobiles,  motor 

possibilities  of  exposure  to  carbon  monoxide.  Ihe  use 
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tion  engines  in  these  conveyances  results  in  significant  concentrations  of 
carbon  monoxide  in  the  exhaust  fumes,  d  he  content  in  automobile  gas  is 
high,  varying  from  1  to  7  percent  and  at  times  it  may  be  highei.  On  the 
other  hand,  the  exhaust  from  diesel  engines  is  quite  safe  under  normal 


operating  efficiency. 

Numerous  deaths  have  occurred  as  a  result  of  permitting  the  air  in 
closed  garages  to  become  dangerously  rich  in  carbon  monoxide  because  of 
the  continued  operation  of  automobile  engines.  The  atmosphere  in  a  single 
car  garage  will  become  deadly  within  about  five  minutes  if  the  motor  is 
run  and  no  ventilation  is  provided.  Carbon  monoxide  hazards  may  also 
exist  from  leaking  exhaust  pipes  while  driving  automobiles  if  windows  are 
kept  closed.  Leaky  gaskets  also  may  permit  exhaust  gas  to  penetrate 
through  loose  footboards  and  cause  asphyxiation.  Smaller  concentrations, 
insufficient  to  cause  asphyxiation  but  sufficient  to  affect  the  mental  alert¬ 
ness  of  the  dri\'er,  have  been  held  as  one  of  the  causative  factors  in  auto¬ 
mobile  highway  accidents. 

The  discharge  of  carbon  monoxide  by  automotive  traffic  has  been  found 
to  vary  on  city  streets  from  6  ppm.  to  32  ppm.  Exposure  of  patrolmen  at 
points  of  particularly  high  concentrations  such  as  100  ppm.  during  an  8 
hour  day  produced  noticeable,  but  not  serious  symptoms  of  carbon  monox¬ 
ide  poisoning.  It  is  therefore  concluded  that  the  atmosphere  in  normally 
congested  city  areas  should  not  be  considered  hazardous  from  carbon 
monoxide.  The  obnoxious  odors  from  automobile  exhausts  is  due  to  the 
concentration  of  aldehydes  exceeding  10  ppm.  and  also  to  possible  de¬ 
composition  of  sulfur  compounds.  Poorly  designed,  defective  and  im¬ 
properly  adjusted  gas  appliances  have  been  responsible  for  numerous 
asphyxiations  and  deaths  from  carbon  monoxide  gas.  Cognizance  of  the 
hazards  entailed  in  faulty  equipment  aroused  the  interest  of  manufacturers, 
service  companies,  and  governmental  agencies  in  the  protection  of  the 
public  from  these  dangers. 


Health  Department  investigations  of  asphyxiations  associated  with  gas- 
burning  appliances  revealed  a  considerable  percentage  attributable  to 
improper  installation  or  adjustment;  to  improper  design;  to  deterioration 

01  clogging  of  vital  parts;  and  to  carelessness  or  ignorance  in  their  opera¬ 
tion. 


fias  appliances  should  be  coiuiected  with  risid  piping.  The  flexible  type 
of  tubing  deteriorates  in  time,  the  ends  become  enlarged  from  usage  and 
as  a  result  may  aeei.lentally  he  disconnected,  permitting  unburned  gas  to 
escape.  Hexihle  spiral  metal  tubing  or  plain  rubber  Itihing  should  never  he 
used  since  it  deteriorates  and  cracks  after  relatively  short  usage.  Gas 
appliances  sb.iuld  not  be  tampered  with  nor  should  attachments  of  un¬ 
mown  merit  be  added  to  them.  Operating  standard  appliances  in  non- 
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Standard  or  novel  ways  has  resulted  in  the  production  of  carbon  monoxide 
by  devices  which  perform  safely  under  normal  conditions. 

Health  department  control  over  gas  appliances  and  fixtures  began  in  1925 
and  has  proved  its  effectiveness  by  eliminating  those  of  hazardous  design 
or  installation. 

HOUSING 

Generally  slum  areas  in  large  cities  are  located  near  liusiness  centers 
where  high  class  residences  once  existed.  As  various  business  enterprises 
crept  in,  the  original  residents  moved  out  to  more  desirable  locations. 
Large  and,  at  one  time,  substantial  single-family  houses  were  transformed 
into  multiple-family  houses  or  rooniing  houses  to  accommodate  the  new 
tenants.  The  houses  were  not  designed  for  this  type  of  occupancy  and  lack 
of  proper  plumbing  or  failure  in  maintenance  resulted  in  slow  but  sure 
deterioration.  In  such  areas  the  original  population  tends  to  decrease,  the 
residents  with  better  economic  means  moving  whenever  possible  to  out¬ 
lying  sections  where  they  can  establish  themselves  in  a  more  favorable  en¬ 
vironment.  A  typical  survey  of  a  slum  area  disclosed  9.7  percent  of  the 
houses  in  good  condition;  24.8  percent  of  indifferent  status;  and  05.5  per¬ 
cent  bad.^® 

Significance  of  Poor  Housing 


One  of  the  characteristics  of  slum  areas  is  overcrowding.  Because  of 
economic  conditions  families  are  compelled  to  double-up  or  large  families 
to  live  in  cpiarters  entirely  too  small.  As  a  result  of  this  congestion  children 
by  necessity  play  and  congregate  in  hallways  of  tenements  and  in  the 
streets.  This  “herding  together”  and  intimate  contact  of  numerous  persons 
offers  a  favorable  condition  for  the  transmission  of  communicable  disease, 
first  in  the  slum  district  itself  and  subsequently  to  other  parts  of  the  city 
population. 

Typical  of  poor  housing  is  the  inadequacy  of  light,  ventilation,  and  pri¬ 
vacy.  Frequently  living  quarters  tor  an  entire  family  comprise  one  or  two 
small  rooms.  In  many  instances  inside  rooms  are  without  direct  outside 
light  or  ventilation.  These  rooms  are  often  used  as  bedrooms,  probably  by 
an  entire  family.  Continuation  of  such  housing  conditions,  where  children 
lack  an  adecpiacy  of  sunlight  and  fresh  air,  and  where  there  exist  no  recrea¬ 
tional  areas  for  healthy  outdoor  exercise,  prevents  the  healthy  develop¬ 


ment  of  the  tenants. 

The  various  states  of  dilapidation  of  many  dwellings  in  slum  districts 
favor  the  occurrence  of  accidents  and  often  prevent  proper  protection  from 
inclement  weather.  Defective  stairs  and  floors,  unrepaired  sheds  and  porches 
suggest,  the  probable  clue  to  the  cause  of  many  accidents.  Broken  windows, 
defective  walls  and  roofs  make  it  difficult  to  keep  out  rain,  snow  and  wind. 
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Heating  devices,  often  in  a  detei'ioraled  condition,  ofter  a  i)ossil)le  caH)on 
monoxide  hazard.  Frequently  the  tenants  of  such  properties  pay  exorbitant 
rent  and  owners  are  I'eluctant  or  financially  unable  to  make  lepairs. 


Living  under  poor  liousing  con.litions  lea.ls  to  a  development  of  care¬ 
lessness  ,n  hv.ng  lud.its.  Cellars,  yards,  and  alleys  become  cluttere,!  with 
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rubbish  Irequently  containing  garbage,  offering  not  only  a  fire  hazard 
but  an  attraction  for  flies,  vermin,  and  rats.  Yard  toilets  often  become 
choked  oi  defective,  tenants  continue  to  use  them,  and  sewage  flows  into 
yaid  and  alley.  Sanitation  is  given  little  consideration  when  the  entire 
environment  is  unfavorable. 

Anyone  who  has  had  any  contact  with  poor  housing  and  its  attendant 
conditions  will  recognize  the  psychological  difficulties  that  are  inherent  m 
the  lack  of  privacy,  the  unusual  noise,  and  general  confusion  typical  of 
poor  housing  areas. 

Basic  Requirements  of  Good  Housing 

The  basic  requirements  of  good  housing  may  vary  somewhat  from  one 
part  of  the  country  to  another.  Some  satisfactory  method  of  heating  the 
living  portions  of  the  home  would  be  much  more  important  in  New  Eng¬ 
land  or  Minnesota  than  in  southern  Georgia.  Until  recently,  screening  of 
windows  in  certain  portions  of  the  southeastern  United  States  might  have 
been  necessary  as  a  direct  preventive  against  the  spread  of  malaria.  Such 
would  hardly  be  the  case  in  central  IMaine  but  screening  might  be  necessary 
there  to  protect  against  nuisance  mosquitoes. 

The  Committee  on  the  Hygiene  of  Housing  of  the  American  Public 
Health  Association  has  given  extended  study  to  basic  needs  in  housing. 
It  suggests  the  following  as  the  minimum  requirements  of  any  housing:*® 

A.  Fundamental  Physiological  Needs 

Maintenance  of  a  thermal  environment  which  will  avoid  undue  heat  loss 
from  the  human  body. 

Maintenance  of  a  thermal  environment  which  will  permit  adequate 
heat  loss  from  the  human  body. 

Provision  of  an  atmosphere  of  reasonable  chemical  purity. 

Provision  of  adequate  daylight  illumination  and  avoidance  of  undue  day¬ 
light  glare. 

Provision  for  admission  of  direct  sunlight. 

Provision  of  adequate  artificial  illumination  and  avoidance  of  glare. 

Protection  against  excessive  noise. 

Provision  of  adequate  space  for  exercise  and  for  the  play  of  children. 

B.  Fundamental  Psychological  Needs 

Provision  of  adequate  privacy  tor  the  individual. 

Provision  of  opportunities  for  normal  family  hte. 

Provision  of  opportunities  for  normal  community  life. 

Provision  of  facilities  which  make  possible  the  performance  of  the  tasks 
of  the  household  without  undue  physical  and  mental  fatigue. 

Provision  of  facilities  for  maintenance  of  cleanliness  of  the  dwelling  and 

of  the  person. 


ENVIRONMENTAL  SANITATION  AND  PUBLIC  HEALTH 


325 


Provision  of  possibilities  for  esthetic  satisfaction  in  the  home  and  its 
surroundings. 

Concordance  with  prevailing  social  standards  of  the  Ipcal  community. 

C.  Protection  Against  Contagion 

Provision  of  a  water  supply  of  safe  sanitary  quality,  available  to  the 
dwelling. 

Protection  of  the  water  supply  system  against  pollution  within  the  dwell- 
ing. 

Provision  of  toilet  facilities  of  such  a  character  as  to  minimize  the  danger 
of  transmitting  disease. 

Protection  against  sewage  contamination  of  the  interior  surfaces  of  the 
dwelling. 

Avoidance  of  insanitary  conditions  in  the  vicinity  of  the  dwelling. 

Exclusion  from  the  dwelling  of  vermin  which  may  play  a  part  in  the 
transmission  of  disease. 

Provision  of  facilities  for  keeping  milk  and  food  undecomposed. 

Provision  of  sufficient  space  in  sleeping-rooms  to  minimize  the  danger 
of  contact  infection. 

D.  Protection  Against  Accidents 

Erection  of  the  dwelling  with  such  materials  and  methods  of  construction 
as  to  minimize  danger  of  accidents  due  to  collapse  of  any  part  of  the 
structure. 

Control  of  conditions  likely  to  cause  fires  or  to  promote  their  spread. 

Provision  of  adequate  facilities  for  escape  in  case  of  fire. 

Piotection  against  danger  of  electrical  shocks  and  burns. 

Protection  against  gas  poisonings. 

Protection  against  falls  and  other  mechanical  injuries  in  the  home. 

Protection  of  the  neighborhood  against  the  hazards  of  automobile  traffic. 


Slum  Clearance 

Particular  aid  is  necessary  in  providing  good  housing  for  the  low-middle 
and  Imv  income  groups.  Private  industry  takes  care  of  those  better  able  to 
pay.  this  need  has  been  summarized  by  Marquette' »  as  follows- 


“  ‘Housing’  connotes  more  than  the  mere  condition,  design  arrangement 
and  construction  of  buildings.  It  means  the  conditions  under  which  peopfe  carry 

maximum  amount  of  sunslune  will  be  available.  bovisiLt'marforVffi^''? 
window  area  and  suCi  arrangement  of  windows  as  wirgive  rl^l  vSit 
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tion;  for  insulation  against  heat  and  cold;  arrangement  of  rooms  for  maximum 
privacy;  modern  toilet  and  bathing  facilities  for  every  dwelling  unit;  hot  as 
well  as  cold  running  water;  efficient  heating;  laundry  facilities;  fire  resistant 
construction  and  safe  egress.  Thought  is  given  not  oidy  to  minimizing  condi¬ 
tions  that  are  conducive  to  falls  and  accidents,  but  to  ])rovide  the  kind  of  man¬ 
agement  that  will  insure  the  maintenance  of  the  buildings  in  a  good  state  of 
repair.  With  elimination  of  overcrowding  it  is  j)ossible  to  direct  the  attention 
of  tenants  to  the  habits  of  cleanliness  and  orderlj'^  housekeeping.  Projects  are 
planned  to  include  ample  room  for  adult  recreation  and  convenient  play  si)ace 
for  children.” 


Viewed  in  this  broad  light  few  health  leaders  question  the  statement  that 
good  housing  does  promote  good  health.  At  the  same  time,  recognized 
housing  leaders  do  not  discount  the  fact  that  health  is  vitally  affected  by 
other  factors,  such  as  adequate  income,  proper  diet,  good  medical  service, 
cleanliness,  the  knowledge  and  practice  of  the  rules  of  hygiene,  and  con¬ 
ditions  of  employment. 

Slum  clearance  and  housing  aid  programs  rest  upon  the  rebuilding  of  the 
older  portions  of  our  cities.®*  The  new  structures  replace  dilapidated  prop¬ 
erties  but  unless  subsidy  in  various  forms  is  given  the  projects  to  provide 
maintenance  funds,  it  is  fair  to  assume  the  remedial  structures  will  de¬ 
generate  into  slums  a  few  years  hence.  The  educational  and  social  level 
of  the  majority  of  people  occupying  this  type  of  housing  frequently  is  not 
conducive  to  satisfactory  maintenance  of  property. 

Generally  speaking  housing  units  provide  accommodations  for  slightly 
more  people  than  lived  in  the  area  before  slum  clearance.  However,  the 
new  tenants  are  selected  and  in  many  instances  the  persons  displaced  do  not 
find  shelter  in  the  new  project  lint  seek  slum  quarters  elsewhere.  In  the 
overall  picture  the  number  of  persons  living  in  slum  conditions  has  been 
reduced.  Poor  people  will  of  necessity  seek  low  cost  housing  and  regardless 
of  sub-standard  conditions  live  in  slums  because  they  cannot  help  them- 


Low  Cost  Housing.  The  Metropolitan  Life  Insurance  Company 

pioneered  in  the  low  cost  housing  field  in  1920  by  building  a  unit  foi  -,2o0 

Lmilies  in  Queens,  New  York.  Other  units  have  “"f  ” 

1934  the  Reconstruction  Finance  Corporation  provideil  funds  to  the  Metio 

politan  for  limited  dividend  housing.  These  initial  projects  have  in  recent 

years  been  extemled  by  life  insurance  coinpanies  to  many  f 

an  investment  of  $275, 000, 000.00  and  housing  lo0,000  fami  les  in  iii 

states  Stuyvesant  Town  and  Peter  Cooper  Village  in  New  York  housing 

U  2?0  famdies  are  tlie  latest  erected  initially  for  moderate  income  group 
11,2.  0  lamiiies  a  ^  apartment 
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ing  upon  prorated  construction  and  maintenance  costs.  These  developments 
have  been  made  economically  possible  by  tax  exemptions  with  rents  paying 
a  moderate  investment  return  and  operating  costs. 

Government  Housing.  The  United  States  Housing  Act  of  1937  put 
the  Federal  Government  into  the  slum  clearance  and  low  rent  housing 
field.  Under  this  Act  local  housing  authorities  were  created  to  engage  in 
slum  clearance  and  low  rent  housing  construction.  Local  agencies  initiate 


Town  and  Peter  Cooper  Village,  Xcw  York  City.  (Courtesy 
The  Metropolitan  Life  Insurance  Co.  Photograph  by  Thomas  Airviews.) 


the  project,  construct  and  operate  the  housing  unit.  They  have  been  granted 
the  right  of  eminent  domain  to  aid  in  the  acquisition  of  dilapidated  build- 
mgs.  Ninety  percent  of  the  cost  of  the  project  is  financed  from  federal  funds 
with  the  balance  from  private  caipital  at  low  interest  rates  or  from  munici- 

$800  000, TOO  hind  onginally  esOU.Ii.sli,.,!  f,„-  f,l,is  ,„i,poso.  I„  atlditi.in 
Local  housing  authorities  mitst  remove  “slum  dwellings  equal  in  number 
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.  .  .  for  every  new  family  unit  constructed.”29  These  new  units  rent  from 
$9  to  $15  per  room  per  month  depending  upon  the  income  of  the  renter, 
and  not  related  to  the  physical  characteristics  of  the  apartment  furnished. 
This  method  is  in  sharp  contrast  to  private  financing  based  upon  prorated 
costs. 

Area  Redevelopment.  Several  cities  have  created  agencies  as  a  part 
of  municipal  government  to  plan  for  the  redevelopment  of  slum  areas. 
These  departments  work  closely  with  the  zoning  and  planning  bureaus  in 
determining  the  location  of  present  slum  and  blighted  areas,  policies  of 
future,  long-range  development,  and  providing  for  cleared  areas.  They  have 
the  right  of  eminent  domain  to  facilitate  removal  of  buildings  but  are  not 
required  to  restore  housing  on  the  sites  cleared.  Their  object  is  to  interest 
private  capital  in  the  development  of  cleared  sections  and  commercial 
buildings  or  housing  may  be  constructed  in  accordance  with  the  general 
city  plan  and  zoning  ordinance.  Funds  of  the  magnitude  of  several  million 
dollars  from  bond  issue  or  other  municipal  sources  are  used  to  acquire  land 
and  demolish  existing  buildings  after  which  the  area  may  be  sold  or  leased 
at  market  value  to  private  enterprise  for  development.  Tax  exemption  for 
a  limited  period  is  usually  granted  to  the  leasee  or  purchaser  to  facilitate  a 
reasonable  return  on  the  investment.  By  the  establishment  of  a  revolving 
fund  consisting  of  rents  and  resale  moneys  it  is  expected  that  the  original 
funds  allocated  will  support  the  program  for  many  years. 


Public  Health  Program 

The  health  department  should  be  interested  in  providing  housing  that 
will  permit  the  best  public  health.  This  should  include  interest  not  only  in 
the  physical  but  also  in  the  mental  health  of  the  population  group.  A  clear 
demonstration  of  the  direct  and  specific  relationships  between  poor  housing 
and  health  must  be  established.  This  responsibility  should  be  accepted  by 
every  health  department  as  a  continuing  program  of  research  to  be  con¬ 
ducted  in  any  situations  that  may  have  some  relationship  to  the  subject. 
No  other  department  of  municipal  government  can  perform  this  necessary 

function  so  well  as  the  health  department.  .  ,  ,  i  +  + 

The  health  department  must  also  take  its  place  with  other  departments 

of  government  in  planning  and  executing 

maintenance  programs  in  housing  Provisions  must  pi.bte 

Lpnltb  services  in  any  new  or  rebuilt  areas.  Adoption  of  an  o\eiall  plan 

for  tho  delmooti™  of  or...  of  flro  city  needing  nttontion  ^ 

£-orrd.:r';d'';;irr.roS^^^ 
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Association^^  has  developed  with  the  aid  of  several  experts  in  the  field  of 
housing,  measurement  methods  and  statistics,  an  appraisal  method  for 
measuri’ng  the  quality  of  housing.  The  present  recommended  methods  have 
been  tested  in  the  field  anti  changed  as  experience  has  indicated.  The 
methods  have  been  used  officially  in  several  cities  including  Brookline, 
]\Iass.,  Los  Angeles,  ^Milwaukee,  New  Haven,  Philadelphia,  Poitland,  Me., 
St.  Louis,  and  Washington,  D.  C. 

The  appraisal  methods  can  be  used  to  determine  the  condition  of  an 
individual  building  or  the  conditions  of  all  buildings  in  an  area.  It  measuies 
not  only  the  physical  conditions  of  the  structures  but  also  the  features  of 
the  neighborhood  that  have  public  health  significance.  Ratings  are  based 
upon  penalty  scores  as  determined  by  the  inspection  of  buildings  or  areas. 
Certain  conditions  are  classified  as  basic  deficiencies  which  not  only  increase 
the  penalty  score  but  also  indicate  complete  inadecpiacy  in  that  particular 
part  of  the  structure.  The  basic  deficiencies  the  Committee  has  estab¬ 
lished  are;'* 

1.  Contaminated  water  supply. 

2.  Water  supply  outside  unit  or  structure. 

3.  Toilet  shared  or  outside  the  structure. 

4.  Bath  shared  or  outside  the  structure. 

5.  Crowding  of  more  than  1.5  persons  per  habitable  room. 

6.  Crowding  of  sleeping  rooms  (persons  =  2  X  number  of  sleeping 
rooms  -|-  2). 

7.  Less  than  40  sq.  ft.  of  sleeping  area  per  person. 

8.  Lack  of  dual  egress. 

9.  Installed  heating  lacking  in  three-quarters  of  rooms. 

10.  Lack  of  installed  electricity. 

11.  Rooms  lacking  window. 

12.  Serious  deterioration. 


Supervision  of  sanitation  in  slum  areas  is  a  responsibility  of  the  local 
health  department.  Close  cooperation  with  the  building  and  fire  depart¬ 
ments  in  conducting  surveys  is  necessary  to  avoid  duplicat  ion  of  inspection 
and  to  obtain  a  definition  of  responsibility.  Determination  of  existing 
defects  listed  aliove  should  be  the  chief  responsibility  of  the  health  de¬ 
partment  and  inspection  to  locate  them  belongs  in  the  sanitation  sec¬ 
tion  of  that  department.  Enforcement  and  inspection  procedures  vary  in 
different  communities  in  accordance  with  local  laws  and  ordinances 
Experience  has  demonstrated  that  enforcement  of  a  housing  code  is  best 
accomplished  on  an  area  basis  rather  than  by  the  correction  of  single  build¬ 
ings,  acting  upon  specific  complaints.^^  All  owners  are  thus  treated  alike 
and  everyone  is  required  to  comply  with  the  law.  The  police  power  of  the 
health  department  can  be  invoked  when  public  health  is  in  dano-er. 
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The  enforcement  agency  acting  within  the  agreed  overall  plan  should 
choose  a  slum  area,  inspect  it,  rate  existing  violations,  and  compile  notices 
for  correction.  If  conditions  are  uncorrected  after  the  date  established  for 
the  cessation  for  violation  it  may  be  necessary  to  exercise  police  power  and 
force  compliance  through  court  action.  This  procedure  of  improving  housing 
through  law  enforcement  originated  in  Baltimore,  Md.  in  1947.^6  A  magis¬ 
trate’s  court  has  been  established  to  adjudicate  cases  involving  violations 
of  housing  ordinances. 

Enforcement  of  a  housing  sanitary  code  does  not  preclude  slum  clearance 
programs  by  other  agencies.  It  does  provide  relief  to  the  greatest  number 
of  people  in  the  least  time  and  at  minimum  governmental  expense.  Benefits 
obtained  from  this  action  alone  include  better  lighting  and  ventilation, 
replacement  of  outdoor  toilets,  elimination  of  rat-breeding  areas,  correc¬ 
tion  of  structural  defects,  elimination  of  fire  and  accident  hazards  and 
creation  in  the  occupants  of  a  pride  in  clean  living  conditions. 

NOISE 


Noise  may  be  considered  as  disturbing  sounds  which  interfere  with  work, 
thought,  and  rest.  The  degree  of  annoyance  depends  upon  the  frequency  of 
occurrence,  the  absolute  intensity,  or  loudness,  the  relative  loudness,  and 
the  necessity  for  the  noise.  The  tooting  of  automobile  horns  in  cars  parked 
at  the  curb  to  signal  persons  indoors  is  extremely  annoying  because  it  is 
unnecessary  as  well  as  discordant.  A  fire  siren  is  discordant  but  may  not 
be  annoying  because  it  is  accepted  as  necessary.  The  steady  hum  of  city 
traffic  is  ignored.  Carpenters  working  together  are  not  bothered  by  ham¬ 
mering  noise  but  office  workers  nearby  would  almost  certainly  be  disturbed. 

Noise  intensity  is  measured  in  decibels.  This  unit  is  that  ratio  of  the 
sound  being  measured  to  the  lower  limit  of  audibility  with  the  lowest  hear¬ 
able  intensity  taken  as  zero.^  Table  25.  Noise  levels  given  off  from  specific 


sources  are: 

Threshold  of  Annoying  Sound 

Hammering  on  steel  plate . 

Automobile  horn . 

Riveter . 

Subway . 

Elevated  train . 

Motor  truck . 

Police  whistle,  street  car,  noisy  passenger  auto 

Radio  loud  speaker . 

Passenger  automobile . 

Ordinary  conversation . 

Business  office . 

Quiet  private  office . 

Whisper  at  5  feet . 

Threshold  of  hearing . 


Decibels 

113 

102 

101 

97 

91 

87 

83 

81 

65 

60 

50 

30 

10 

0 
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Decibels  measure  the  relative  loudness  of  a  sound  to  the  physical  ear. 
The  physical  intensity  can  also  be  measured.  A  definite  relationship  exists 
between  the  two  scales,  decibels  being  equal  to  10  times  the  logarithm  of 
the  physical  intensity.  Examples  are: 


Decibels 

Physical  Intensity 

0 

1 

10 

10 

20 

100 

50 

100,000 

100 

10,000,000,000 

TABLE  25 
Noise  Intensities 


Decibel 

Intensity 

Indicative  Sound* 

0 

0 

Just  audible 

10 

10 

Rustle  of  leaves 

20 

100 

Whisper 

30 

1,000 

Suburban  street 

40 

10,000 

Average  dwelling 

50 

100,000 

Commercial  premises;  quiet  automobile 

60 

1,000,000 

Ordinary  conversation 

70 

10,000,000 

Noisy  street;  loud  conversation 

80 

100,000,000 

Heavy  urban  traffic;  loud  radio 

90 

1,000,000,000 

Pneumatic  drill;  motor  cycle 

100 

10,000,000,000 

Riveter  at  35  feet;  loud  auto  horn 

110 

100,000,000,000 

Metal  working  shop 

120 

1,000,000,000,000 

Airplane  propeller 

130 

10,000,000,000,000 

Painful  sound 

*  Phelps,  Earle  B.,  “Public  Health  Engineering”,  v.l,  p.  185,  John  Wiley,  and 
Sons,  New  York,  1948. 

Winslow,  C-E.  A.,  et  al.,  “Housing  for  Health”,  Science  Press,  Lancaster,  Penna., 


In  laige  cities  many  complaints  are  made  against  various  types  of  noise. 
They  are  usually  directed  against  specific  conditions  at  given  locations  and 
at  a  definite  time.  In  1930  a  survey  was  made  of  the  various  types  of  noise 
complaints  received  in  New  York  City.  As  shown  in  Table  25  the  bulk  of 
city  noise  is  caused  by  traffic,  auto  horns,  squealing  brakes,  street  cars 
whistles  and  radios.  Following  this  survey  an  abatement  campaigiF  was 
conducted  with  the  enactment  of  laws  against  unnecessary  horn  blowing 
use  of  radio  after  midnight,  and  noisy  outdoor  advertising.  The  results  were 
a  reduction  in  localized  concentrations  of  noise  in  many  sections  of  the  city 
and  appreciably  lessened  overall  density. 

Specific  health  hazards  associated  with  noise  are  hard  to  find.  Industry 
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has  been  unable  to  prove  conclusively  that  high  levels  of  noise  interfere 
with  production  or  produce  extra  fatigue.  Deafness  does  seem  to  be  associ¬ 
ated  with  continued  exposure  to  high  noise  levels.  There  does  also  seem 
to  be  some  effect  by  noise  on  the  psychological  well  lieing  of  people. 

In  many  instances  noise  abatement  is  impossible  but  overall  diminution 
may  be  accomplished  by  an  educational  program  to  enforce  remedial  meas¬ 
ures  similar  to  those  cited  above.  Such  a  program  is  successful  only  if  di¬ 
rected  by  a  responsible  governmental  agency  which  may  readily  be  the 
health  department.  Cooperation,  not  punitive  measures,  must  be  the  key¬ 
note.  City  planning  can  assist  ])y  restricting  noisy  industrial  or  commercial 
operations  to  business  or  industrial  zones.  Substitution  of  less  noisy  vehicles, 
as  busses  for  trolley  cars,  has  helped  materially  in  many  cities.  Educational 
measures  among  all  groups  of  people — business  and  industrial,  manage¬ 
ment  and  worker,  parents,  school  children,  motorists,  delivery  men — 
should  lead  to  marked  reductions  in  unnecessary  noise. 


INDUSTRIAL  SANITATION 


The  industrial  hygiene  program  in  its  entirely  is  too  extensive  a  subject 
to  be  discussed  in  this  volume.  It  includes  a  thorough  consideration  of 
atmospheric  pollution;  various  industrial  hazards  peculiar  to  certain  jobs 
because  of  materials  or  equipment  used  or  waste  products  resulting  from 
the  operations;  and  special  problems  of  heating,  lighting,  noise,  or  ventila¬ 
tion.  Part  of  the  industrial  hygiene  program  parallels  the  emir  on  mental 
sanitation  activities  of  a  health  department  as  directed  for  the  protection 
of  the  population  at  large.  This  section  deals  with  that  segment  ol  the 
industrial  hygiene  program. 

The  working  environment  \'aries  with  the  types  of  industries  that  of 
a  clothing  manufacturing  establishment  is  unlike  that  of  a  foundry.  Ihere 
are,  however,  some  problems  in  sanitation  which  are  similai  in  all  industiies 
and  which  might  be  termed  “pemonal  facilities”  or  items  of  housekeeping. 
These  include  lighting,  toilet  and  lavatory  facilities,  drinking  water  supply, 
lockers,  cafeterias  and  lunch  rooms,  and  waste  disposal. 


Lighting 

Poor  lighting  is  a  factor  in  an  appreciable  percentage  of  industrial  acci¬ 
dents  In  addition  it  causes  eyestrain,  serves  to  mask  poor  plant  housekeep- 
ins  and  reduces  the  efficiency  of  employees.  When  lighting  is  made  ai  e- 
<|uatc  less  material  is  spoiled,  workrooms  are  kept  neater  and  more  oidei  y, 
and  employee-management  relations  generally  are  better.  Many  mami- 
facturers  have  found  that  good  lighting  pays  direct  monetary  clnidem  s 
greater  in  amount  than  the  cost  of  the  lighting  installations 

Appraisal  of  existing  lighting  in  an  industrial  plant  is  not  difficult.  - 
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unit  for  measuring  the  intensity  of  illumination  is  the  “foot  candle.  It  is 
the  illumination  received  at  a  surlace  one  foot  distance  from  a  light  of  one 
candle  power.  A  ery  convenient  light  meters,  small  and  inexpensive,  are 
now  available  for  making  light  intensity  measurements.  In  an  industrial 
plant,  measurements  are  made  at  the  working  plane.  Standards  ol  illumina¬ 
tion  intensity  have  been  compiled  giving  the  number  of  foot  candles  which 


TABLE  26 

Recommended  Levels  of  Illumination  for  Industrial  Interiors* * 

Foot-Candles  Recommended 


Aisles,  stairways,  passageways . 

Automotive  Manufacturing: 

Assembly  line . 

Bakeries . 

Cloth  Products: 

Cutting,  inspecting,  sewing— 

Light  goods . 

Dark  goods . 

Forge  shops  and  welding . 

Jewelry  and  watch  manufacturing. . . 

Laundries  and  dry  cleaning . 

Locker  rooms . 

Offices: 

Close  work . 

No  close  work . 

Distribution  of  mail  in  post  offices 

Drafting  room . 

Paint  manufacturing . 

Polishing  and  burnishing . 

Receiving  and  shipping . 

Toilet  and  wash  rooms . 

Warehouses . 


5 

50-100** 

20 


20 

100  and  up** 
10 
100 
20 
6-4 

30 

10 

20 

30-100** 

10 

15 

10 

6-4 

5 


*  Based  upon  recommendations  of  the  Illuminating  Engineering  Society. 

.  udes  generalized  lighting  of  20-30  foot-candles  and  the  balance  in  localized 
specialized  lighting. 


should  be  furnished  for  various  types  of  occupations.  Naturally  persons 
doing  hne  needlework  require  a  great  deal  more  light  than  those  engaged 
or  instance,  in  wrapping  packages.  These  levels  are  based  upon  empirical 
formulae  or  practical  considerations.  d\xble  2(). 

Many  plants  depend  on  natural  illumination  the  greater  part  of  the  day 
When  dayhght  .s  used  the  numher  <,f  font,  ea-Klles  required  is  appruxilatX 

of ‘(kvT  rr'il  ligliting.  To  ol.tain  file  full  benefit 

he  r  ‘  ‘llumination,  eedmgs  and  upper  portions  of  the  rooms  should 
l.e  of  a  hght  color  noth  the  lower  portion  somewhat  <larker  so 
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restful  contrast  to  the  eyes.  If  opaque  window  shades  are  used  they  should 
be  fastened  to  and  raised  from  the  bottom  in  order  to  obtain  a  maximum 
diffusion  of  light  into  the  upper  interior  of  the  room.  At  times,  ribbed  glass 
is  used  in  windows,  giving  a  more  even  distribution  of  light.  Windows  and 
skylights  should  be  washed  frequently  since  accumulations  of  dirt  cut 
down  the  amount  of  otherwise  available  light. 

Artificial  illumination,  as  used  in  industry,  can  be  classified  as  general 
and  local.  In  most  plants  a  combination  of  both  is  used.  General  lighting, 
as  the  term  indicates,  is  used  for  illuminating  the  entire  workroom.  Local 
lighting  is  used  to  augment  this  system  at  work  places  where  higher  il¬ 
lumination  intensity  is  required.  To  obtain  the  full  benefit  of  the  available 
illumination  fixtures,  reflectors,  globes  and  bulbs  should  be  cleaned 
periodically.  A  good  lighting  system  loses  its  effectiveness  by  accumula¬ 
tions  of  dust  and  dirt. 

One  of  the  greatest  annoyances  in  illumination  is  glare.  It  may  be  defined 
as  brightness  of  such  intensity  within  the  field  of  view  as  to  interfere  with 
vision  or  to  cause  discomfort.  Endeavoring  to  work  with  an  unshaded  elec¬ 
tric  bulb  within  the  vision  range  is  extremely  uncomfortable  and  at  times 
painful.  When  direct  lighting  is  used  deep  reflectors  which  entirely  hide 
the  lamp  filament  eliminate  glare,  provided  the  direct  light  is  not  reflected 
into  the  workers’  eyes  from  shiny  surfaces  at  the  working  plane.  Indirect 
and  semi-indirect  lighting  systems,  while  requiring  more  power  for  the 
same  illumination  intensity  as  direct  illumination,  eliminate  glare  and 
give  a  more  even  distribution  of  light.  Indirect  lighting  is  obtained  by 
directing  the  light  from  the  bulb  to  the  ceiling  or  upper  walls  without  any 
rays  shining  directly  on  the  work  areas.  The  whole  ceiling  and  upper  walls 
thus  become  light  sources,  with  relatively  low  intensity  of  light,  from  any 

^^Whenever  illumination  levels  rise  above  40-50  foot-candles,  the  Quality 
of  the  lighting  becomes  extremely  important.  There  is  no  evidence  that 

lighting  levels  much  in  excess  of  those  recommended  " 

do  harm,  provided  the  lighting  is  done  satisfactorily.  As  higher  levels  of 

“ thorescent  lamps  have  found 

alelt  LrwhhoVLreasing  the  power  input.  Closely  associ- 
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Fig.  93.  School  room  lighting,  (a)  Incorrect. 
Flectnc  Co.) 


(b)  Correct.  (Courtesy,  General 


of  view,  the  fluorescent  tn^  v  r  ^  P>‘ys>ological  point 

produced  is  emitted  throughoutlL" tubeX.^cut’S 
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down  on  the  unit  area  concentration  of  illumination.  Direct  glare  from 
fluorescent  tubes  is  much  less  likely  than  from  the  filament  type  of  lumi¬ 
naire.  Detailed  studies  indicate  that  there  is  no  physiological  damage  pro¬ 
duced  by  constant  use  of  fluorescent  lighting. 

Toilet  and  Lavatory  Facilities 

In  many  plants  of  small  size  employing  fewer  than  100  persons,  the 
sanitation  of  toilet  and  lavatory  facilities  is  frequently  neglected.  With 


F,a.  94.  Industrial  washing  facility,  Milwaukee,  Wis.  (Courtesy,  Bradley  Wash- 


fountain  Co.) 


janitor  services  unavailable  no  one  is  responsible  for  keeping  toilets  and 

washrooms  in  a  sanitary  condition.  ,  i  +  «  in  norsons 

kdeauate  toilet  facilities  in  the  ratio  of  one  to  about  every  W  persons 

should  be  provided  on  a  latio  o  '  ^  ^vliere  workers  come  in 

;tti:t\:^:ranTtrmfid  mlttrials  or 'with  food.  Bathtubs  or  showers,  1 
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per  15  persons,  should  be  provided  where  the  employees  are  exposed  to 
excessive  heat  or  to  skin  contamination  with  poisonous,  infectious  or  ir¬ 
ritating  material.  Individual  paper  or  cloth  towels  and  soap  should  also  be 

available. 


Fig.  95a.  Modern  drinking  fountain  delivering  cold  water.  (Courtesy,  General 
Electric  Co.) 


Drinking  Water  Facilities 

The  drinking  water  supply  in  factories  should  meet  recognized  sanitary 
standards  for  potable  water  and  should  be  accessible  at  convenient  loca¬ 
tions  throughout  the  plant.  If  the  water  is  cooled,  it  should  be  to  a  tem¬ 
perature  of  from  45°F.  to  55°F.  at  the  outlets.  No  cross  connections  between 
the  drmkmg  water  and  any  other  supply  used  for  industrial  purposes  should 
exist.  Piping  systems  should  be  painted  distinctive  colors  so  that  the  potable 
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and  non-potablc  water,  steam,  and  other  liquid  systems  can  positively  be 
identified. 

Individual  paper  cups  should  be  provided  except  where  sanitary  drinking 
fountains  are  installed.  Drinking  fountains  should  be  provided  on  the  basis 
of  1  for  every  75  employees.  The  construction  of  the  fountain  should  be 
such  that  it  minimizes  disease  transmission  hazards.  The  American  Stand¬ 
ard  Specifications  for  Drinking  Fountains'*^  covers  this  in  detail. 


Lockers 


In  many  industrial  establishments  the  personnel  require  lockers  for  the 
storage  of  street  clothing  and  personal  effects.  Where  workers  come  in 
contact  with  harmful  materials,  lockers  having  two  compartments,  one  for 
street  and  one  for  work  attire,  are  preferable  to  the  single-compartment 
locker.  Lockers  should  be  sealed  to  an  impervious  floor  or  there  should 
be  a  space  of  4  or  5  inches  under  the  locker  to  permit  floor  cleaning.  Sloped 
tops  prevent  the  accumulation  of  dirt.  Lockers  are  usually  made  of  metal 
and  are  provided  with  openings  to  permit  the  circulation  of  air  through 
them.  At  least  4^  square  feet  of  floor  area  should  be  allowed  per  locker. 
Each  person  should  be  held  responsible  for  the  cleanliness  of  his  locker. 
When  dressing  rooms  are  provided  they  should  have  adequate  light  and 
ventilation,  be  cleaned  daily,  and,  if  for  women,  be  equipped  with  a  cot 
or  couch. 

Cafeterias  and  Lunch  Rooms 


Some  factories  have  complete  cafeteria  service  for  employees  at  reason¬ 
able  prices,  others  provide  a  separate  room  for  the  use  of  the  workers  during 
the  lunch  period,  and  still  other  plants  permit  the  personnel  to  eat  their 
lunches  at  work  benches.  The  last  procedure  should  be  discourapd  m 
non-hazardous  occupations  because  of  the  possibility  of  attracting  insects 
and  rodents  throughout  the  plant.  In  hazardous  occupations  this  practice 
should  be  strictly  prohibited.  Where  a  separate  room  is  furnished  em¬ 
ployees  for  eating  lunch,  it  should  be  adequately  lighted  and  ventilated 
and  furnished  with  sufficient  tables  and  chairs.  Receptacles  for  refuse  and 
garbage  should  be  conveniently  located  and  provision  made  to  keep  the 
room  in  a  clean  condition.  Strict  attention  should  be  given  to  the  proper 
refrigeration  and  preparation  of  all  food  served  in  the  cafeteria.  The  opera¬ 
tion  of  a  factory  cafeteria  or  lunchroom  should  conform  to  the  standards 
established  for  public  restaurants.  Particular  attention  should  be  given  o 
the  supervision  of  lunch  wagons  and  canteens  that  serve  many  industrial 

O  S 

PUBLIC  BUILDINGS 


Sanitary  facilities  for  office  buildings,  theaters,  public  rooms  of  hotels 
railroad  stations,  schools,  and  municipal  buildings  are  usually  coveied 
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the  local  plumbing  or  building  code.  Accepted  minimum  requirements  for 
toilets  and  lavatories  in  office  or  public  buildings  call  for  approximately 
1  of  each  for  every  unit  of  15  people  in  the  building.  In  toilets  for  males, 
urinals  may  be  substituted  for  water  closets  to  the  limit  of  one  third  the 
required  water  closets.^^ 

Sanitary  drinking  fountains  at  the  rate  of  1  per  75  people  should  be  in¬ 
stalled  or  individual  paper  cups  should  be  supplied.  The  health  depaitment 
should  make  inspections  of  these  buildings  to  note  their  cleanliness  and 
obtain  compliance  with  local  standards. 


Fig.  95b.  Testing  plumbing  equipment,  Bureau  of  Engineering,  Chicago,  III. 
(Courtesy,  E.  J.  Zimmer.) 


Consideration  has  been  given  to  dangerous  cross  connections  to  the 
water  supply,  page  166.  These  may  be  classified  as  direct  or  indirect. 

Many  papers  have  been  published  relating  to  faulty  plumbing  and  disease 
hazards.^® 


The  indirect  type  of  cross  connection  results  whenever  a  water  supply 
plumbing  fixture  is  located  so  that  it  can  become  submerged  in  sewage  or 
contaminated  water.  Even  if  the  pipe  rises  above  the  top  of  the  fixture  it 
is  possible  to  draw  the  contaminated  water  into  the  drinking  water  supply 
when  a  vacuum  is  formed  in  the  domestic  supply  pipe.  This  form  of  cross 
connection,  based  on  the  principle  of  siphonage,  exists  in  many  of  the  pres¬ 
ent  types  of  plumbing  fixtures,  such  as  wash  basins,  bath  tubs,  laundry 
trays  instrument  sterilizers,  bedpan  washers,  dish  washers,  wash-tanks  in 
soda  fountains  and  in  numerous  kinds  of  industrial  equipment.  TOen  inlets 
are,  or  become,  submerged  in  fixture  contents  and  a  vacuum  occurs  in  the 
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piping  system,  part  or  all  of  the  contents  are  siphoned  into  the  drinking 
water.  These  occurrences  will  take  place  when  the  fixture  control  valve  is 
open  under  failure  of  pressure  in  water  mains  due  to  a  break,  or  to  a  great 
demand  for  water  for  fire  fighting  or  in  draining  a  building  supply  for 
making  repairs. 

One  type  of  indirect  cross  connection  which  is  particularly  hazardous 
because  of  the  possibility  of  siphoning  sewage  into  the  drinking  water 
piping,  is  entailed  in  the  flushometer  valve  so  widely  used  for  toilets.  This 
particular  type  of  valve  will  not  hold  pressure  and  opens  when  that  of  the 
regular  supply  is  reduced  or  when  a  vacuum  occurs  in  the  line.  If  such  a 
situation  exists  during  a  stoppage  in  the  toilet  bowl,  the  inlet  becomes  sub¬ 
merged  and  some  of  the  bowl  contents  will  be  siphoned  into  the  water 
supply  lines.  In  some  type  of  toilet  bowls  this  stoppage  is  not  necessary  to 
cause  trouble. 

From  the  discussion  given,  it  is  apparent  that  the  prevention  and  elimina¬ 
tion  of  indirect  cross  connections  are  of  sanitary  importance.  Whenever 
possible  water  supply  inlets  should  terminate  above  the  rims  of  fixtures 
forming  complete  breaks  between  the  drinking  water  and  contaminated 
water.  All  fixtures  should  be  provided  with  vacuum  breakers  to  prevent 
back-flow  syphonage  and  most  cities  require  their  installation.  Plumbing 
fixtures  sold  today  are  usually  designed  with  vacuum  breakers. 

Facilities  in  buildings  of  public  assembly  such  as  theaters  and  railroad 
stations  are  based  upon  the  average  number  of  persons  using  them.  INImi- 
mum  standards  are:'*^ 

Water  closets  1  for  1-100,  2  for  101-200,  3  for  201-400  males  or  females.  Over 
400,  add  1  closet  for  each  500  additional  males  and  1  for  each 
additional  300  females. 

Wash  basins  1  for  1-200,  2  for  201-400,  3  for  401-750.  Over  750  add  1  wash 
basin  per  each  500  additional  persons. 

Urinals  1  per  200  for  first  600  males.  One  urinal  per  each  additional 

300  males. 


RAILWAY  TRANSPORTATION 

Interstate  railroad  transportation  has  been  vitally  concerned  one  way 
or  another  in  efforts  to  prevent  the  spread  of  disease  from  one  section  of  e 
country  to  the  other.  In  the  early  days  of  railway  transportation  many 
types  of  quarantine  were  established  by  the  states  to  regulate  trains  com- 

inTf-om  disease  infected  areas.  The  multitude  of  regu  at.ons  u.sually  e- 

sutted  in  much  hard.ship  to  the  passengers.  This  chaotic  situation  ^ 
tinned  until  1894  when  the  first  interstate  quarantine  regulations  veie 
adopted  From  this  period  until  about  1915  there  was  a  practically  u 
endine  stream  of  state  legislation  concerning  railway  sanitation  anc 
fumigation  of  passenger  cars.  These  laws  were  frequently  at  variance  from 
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state  to  state  and  general  compliance  was  difficult.  In  1913  a  committee  of 
the  American  Medical  Association  on  railway  sanitation  presented  a  code 
which  was  promulgated  as  the  Interstate  Quarantine  Regulations  of  1916. 
In  1920  a  standard  railway  sanitary  code  was  adopted  by  the  Conference 
of  State  Health  Authorities  and  in  1921  this  recommendation  was  made 
part  of  the  quarantine  regulations.'*^  ■  *■* 

The  United  States  Public  Health  Service,  which  is  now  responsible  for 
public  health  supervision  of  all  interstate  transportation  facilities,  has 
recently  developed  a  sanitation  manual  for  public  conveyances  “to  provide 
health  agencies  and  carriers  with  information  upon  which  to  base  procedures 
and  as  a  guide  in  the  administration  of  the  interstate  quarantine  regu¬ 
lations.”*® 


These  regulations  are  applied  to  interstate  carriers  through  cooperation 
between  the  United  States  Public  Health  Service  and  the  various  state 
departments  of  health.  The  water  supplies  are  certified  by  the  state  health 
agencies.  The  general  sanitary  conditions  of  the  railway  cars,  stations,  etc. 
are  passed  upon  by  the  United  States  Public  Health  Service  through  its 
district  engineer  with  issuance  of  the  final  certificates  of  approval  by  the 
Surgeon  General. 

Only  approved  water  supplies  shoidd  be  used  for  supplying  drinking 
water  to  railway  cars  or  busses,  and  the  water  hydrant  should  be  properly 
located  and  designetl  to  assure  protection  against  contamination.  This  is 
accomplished  by  locating  the  hydrants  above  the  rails  in  coach  yards  and, 
if  in  a  bo.x  at  station  platforms,  by  having  the  cover  well  protected.  They 
must  also  be  distinctly  marked  and  all  outlets  protected  against  contamina¬ 
tion.  Hoses,  used  to  replenish  water  supplies  in  cars  should  be  stored  in  a 
clean  receptacle  and  protected  from  contamination  at  all  times.  Tank 
filling  and  hydrant  ends  of  hoses  should  be  protected  by  a  rigid  6  inch  di¬ 
ameter  disc  fitted  8  inches  from  each  end  to  keep  the  hose  opening  from 
touching  the  ground.  All  water  lines  must  be  flushed  immediately  before 

filling  the  car  tanks.  Water  hoses  must  not  be  used  for  any  other  purpose 
than  car  watering. 


Ice  used  for  cooling  drinking  water  or  for  use  in  dining,  buffet,  or  club 
cars  should  be  stored  in  clean  rooms  and  all  buckets,  carts,  and  other  con- 
ainers  used  in  its  handling  should  be  painted  white  and  their  use  restricted 
to  this  purpose  The  ice  for  drinking  water  should  be  placed  in  a  compart¬ 
ment  completely  separated  from  tire  drinking  water.  This  arrangement 
pie\  ents  any  jmssible  pollution  of  llie  water  by  dirty  ice 

The  Piihli,.  Health  Service  Code  also  provides  that  all  i  ailway  cars  should 
Cl) .  icasonably  clean  and  m  a  sanitary  condition.  All  coaches  must  be 
brushed  and  swept  at  the  end  of  each  round  tip,  or  at  least  imce  et"  ry  day 
ej  aic  ill  service,  and  they  must  ho  thoroughly  cleaned  weekly.  ‘  " 


342 


THE  PRACTICE  OF  SANITATION 


Discharge  of  wastes  from  toilets  is  prohibited  while  cars  are  standing  in  a 
station.  Violation  of  this  regulation  is  prevented  by  keeping  toilet  doors 
locked  while  trains  are  in  the  stations.  Sleeping  cars  parked  to  receive  pas¬ 
sengers  are  provided  with  cans  placed  beneath  the  toilet  hopper  to  receive 
wastes.  The  cans  must  be  removed  before  the  train  departs.  Emptying, 
cleaning,  and  storage  of  cans  require  rigid  regulation. 

The  discharge  of  toilet  wastes  along  the  right  of  way  from  trains  en  route 
is  under  study.*®  Macerating  and  subsequent  sterilizing  with  heat  of  toilet 
waste  appears  to  be  practical.  However,  Maxey^®  was  unable  to  discover 
evidence  that  waste  pollution  along  rights  of  way  produced  unusual  inci¬ 
dence  of  infection  among  people  living  adjacent  to  or  working  on  the 
tracks,  or  among  consumers  of  water  supplies  possibly  polluted  by  these 
discharges.  In  the  light  of  this  study  the  requirement  of  the  railroad  code 
that  toilets  be  locked  while  passing  over  watersheds  warrants  further  study. 

Food  supplies  and  service  must  conform  to  the  standards  previously  dis¬ 
cussed  under  restaurant  sanitation,  page  58.  Confined  storage  and  working 
space  renders  satisfactory  operation  more  difficult  than  under  fixed  condi¬ 
tions.  The  danger  of  disease  transmission  through  food  is  particularly  acute 
in  railway  diners  since  the  patrons  of  dining  cars  may  be  traveling  to  widely 
separated  areas.  Food-handler  health  and  personal  habits  are  therefore 
extremely  important. 

The  standard  Railway  Sanitary  Code  prohibits  a  person  suffering  with 
plague,  cholera,  smallpox,  typhus  fever  or  yellow  fever  from  traveling  on 
railway  trains.  Individuals  suffering  from  certain  other  communicable 
diseases,  such  as  diphtheria,  measles,  scarlet  fever,  etc.  may  travel  if  placed 
in  a  compartment  separate  from  other  passengers  and  if  accompanied  by  a 
qualified  nurse  or  other  attendant.  When  traveling,  communication  with 
the  compartment  must  be  restricted  to  the  minimum  consistent  vnth  the 
care  and  safety  of  the  patient.  All  dishes  and  utensils  shall  be  sterilized  and 
all  discharges  from  the  patient  must  be  wrapped  in  paper  containers  and 

^^General  sanitation  restrictions  are  set  forth  as  to  the  handling  of  these 
patients,  such  as  the  protection  of  beds  by  rubber  sheets  and  disposal  of 

^TfTperson  is  suspected  of  an  infections  or  contagious  disease  the  con¬ 
ductor  or  other  authorized  agent  of  the  railroad  must  notify  the  nearest 
health  officer  who  shall  immediately  proceed  to  the  tram  at  the  most  con- 
•  +  nmt  for  the  Duroose  of  diagnosis.  In  accordance  with  the  judgment 

r;Th:  h  Offi  sLn  ^ther  be  allowed  to  proceed  unc^er 

IS  as  set  forth  ab^e,  or  immediately  removed  to  a  local  hosp.tal 

for  isolation. 
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Bus  Transportation 

Since  inter-state  busses  usually  do  not  carry  drinking  water  or  serve 
food  and  are  not  provided  with  toilets  only  that  part  of  the  code  requiring 
cleanliness  and  transportation  of  persons  suffering  from  certain  diseases 
applies.  Rest  stops,  restaurants,  and  terminals  are  under  local  health  juris¬ 
diction.  Sanitary  regulations  similar  to  those  required  for  restaurants 
should  be  enforced.  Rigid  control  of  eating  places  is  particularly  important 
because  of  the  hazards  introduced  by  the  sudden  influx  of  passengers  which 
puts  undue  strains  on  food  handling  and  dish  washing  equipment.  It  must 
be  remembered  that  these  patrons  too  may  go  to  widely  distributed  areas. 


WATER  TRANSPORTATION 


The  disposal  of  wastes  and  protection  of  water  supplies,  mess  (restaurant) 
sanitation,  and  rodent  control  are  the  environmental  sanitation  problems 
of  greatest  importance  in  water  transportation.  Ocean  liners  obtain  drinking 
water  from  certified  land  sources,  or  use  distilled  water  from  the  ship’s 
condensers.  Ships  navigating  in  inland  fresh  water  streams  usually  use 
shore  water  sources  or  they  may  draw  their  own  supply  directly  from  the 
lakes  or  rivers.  Most  inland  waters  may  be  polluted  by  the  bordering  towns 
or  the  water  may  be  contaminated  by  sewage  discharged  by  boats  in  transit. 

The  same  general  principles  that  guide  the  health  department  in  working 
with  any  group  hold  also  for  passengers  on  water  craft,  but  certain  phases 
of  sanitation  have  particular  importance  or  peculiar  problems.  Regulation 
of  vessels  in  interstate  or  international  movement  is  a  responsibility  of 
the  United  States  Public  Health  Service. 


Water  taken  from  sources  ashore  should  conform  to  the  standards  and 
be  handled  under  conditions  similar  to  those  set  forth  in  the  Railway 
Sanitary  Code.  A  safe  supply  for  use  aboard  ship  should  be  assured.  On 
the  other  hand,  it  is  important  to  protect  shore  supplies  against  possible 
contamination  by  sewage  discharges  from  ships.  Ships  should  not  be  al¬ 
lowed  to  discharge  sewage  or  empty  their  bilge  water  near  the  inlets  to 
municipal  water  systems.  Likewise,  discharge  of  sewage  while  ships  are  in 
port  should  be  prohibited.  This  means  that  adequate  storage  tanks  must  be 
provided  for  the  retention  of  sewage  while  ships  are  in  port. 

If  the  drinking  water  aboard  sliip  is  not  obtained  by  distiiiing  sea  water 
(a  sterilising  process  itself)  tlie  water  should  be  treated  to  render  it  safe’ 
oimation  usually  will  be  adequate  since  most  water  taken  aboard  will 
be  free  of  gross  contamination.  Additional  treatment,  such  as  filtration 

nust  be  used.  Stoiage  of  treated  water  aboard  ship  must  be  done  in  siirb  n 
manner  that  contamination  of  the  supply  will  be  avoided.  Sea  water  is  uL 
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for  many  purposes.  Water  lines  carrying  potable  water  should  be  marked 
clearly  to  differentiate  them  from  lines  carrying  sea  water  or  other  non- 
potable  supplies.  If  sea  water  is  taken  aboard  for  pota))le  uses  ports  should 
be  placed  well  forward  of  any  sewage  or  bilge  outlets  to  prevent  contamina¬ 
tion  of  the  intake  water  by  discharges  from  the  ship. 

Mess  sanitation  should  follow  the  same  general  pattern  of  restaurant  sani¬ 
tation  ashore.  Quarters  on  shipboard  frequently  are  cramped  so  that  space 
for  equipment  may  be  inadequate  for  normal  types  of  dishwashing  facilities 
and  other  cleaning  equipment.  Fortunately,  steam  is  usually  available  for 
sterilizing  purposes.  Refrigeration  facilities  must  be  adequate  both  in  space 
and  operation.  Since  food  sufficient  for  the  journey  must  be  taken  aboard 
at  the  last  port  of  call,  storage  of  perishable  foods  for  extended  periods  of 
time  must  be  anticipated.  The  usual  precautions  taken  for  the  elimination 
of  insects  and  rodents  should  be  satisfactory  on  shipboard. 

The  shore  communities  must  be  protected  against  certain  hazards  present 


in  sea  traffic.  One  of  these  is  rodent  importation.  When  ships  are  tied  up 
at  port  precautions  should  be  taken  to  prevent  rodents  from  getting  aboard 
ship  and  off  ship.  Some  of  the  historically  famous  outbreaks  of  disease  have 
been  traced  to  the  migration  of  rats  via  ships.  Educational  efforts  with  ship 
builders  have  resulted  in  construction  that  eliminates  from  ships  many  of 
the  rodent  harboring  spaces  formerly  part  of  every  ship.  Disinfestation  by 
use  of  a  suitable  fumigant  may  be  necessary  in  heavily  infested  ships.  A 
continuing  rodent  trapping  and  poisoning  campaign  should  be  part  of 
every  ship  routine.  Rodent  infestation  of  ships  can  be  eliminated  with 
suitable  precautions.  Trained  inspectors  can  tell  within  a  narrow  range  of 
error  the  prevalence  of  rodents  on  shipboard. 

Garbage  disposal  on  shipboard  is  usually  simple-and  effective.  4  he 
garbage  from  galleys  is  thrown  overboard  at  frequent  intervals.  1  his  metliod 
is  satisfactory  while  the  ship  is  at  sea.  It  is  not  satisfactory  when  the  ship 
is  in  port.  When  in  port  the  garbage  should  be  stored  and  held  until  it  can 
be  discharged  overboard  without  creating  a  nuisance  or  else  arrangements 
should  be  made  for  its  collection  by  one  of  the  normal  garbage  collection 

Education  orLw  and  officer  members  of  ship  staffs  should  be  part  of 
every  vessel  sanitation  progiam. 


AIR  TRANSPORTATION 

WntPr  milk  and  food  supplies  should  conform  to  the  same  sanitary  re- 
.uirements  as  rt^etmr  Llf 
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conform  to  those  of  railway  stations.  Transportation  of  persons  with  in¬ 
fectious  or  contagious  diseases  should  be  prohibited.  4  he  United  States 
Public  Health  Service  is  responsible  for  the  supervision  of  environmental 
sanitation  in  all  planes  and  at  all  terminals  in  interstate  and  intei  national 
commerce. 

The  speed  of  air  transportation  is  so  great  that  extreme  piecautions 
must  be  taken  to  prevent  the  importation  from  abroad  of  disease  eithei 
by  infected  persons  or  insect  disease  vectors.'*^  Specific  requirements  have 
been  established  for  the  vaccination  of  persons  coming  from  or  passing 
through  areas  in  which  certain  diseases  are  prevalent.  These  regulations, 
for  the  most  part,  have  their  basis  in  international  quarantine  requirements. 
From  a  sanitation  viewpoint,  elimination  of  any  insects  that  might  serve  as 
the  link  between  an  area  of  disease  prevalence  and  one  free  of  the  disease 
is  highly  important.  Mosquitoes  and  certain  of  the  biting  flies  are  the 
insects  of  greatest  importance.  Definite  requirements  have  been  established 
calling  for  the  disinfestation  of  aircraft  before  leaving  ports  and  again 
immediately  upon  landing  at  port.  One  of  the  standard  insecticides,  pyre- 
thrum,  is  used  in  this  treatment.  In  addition,  in  parts  of  the  world  where 
certain  diseases  may  be  endemic,  such  as  malaria  in  certain  parts  of  Africa, 
precautions  are  taken  to  rid  the  area  of  the  airport  and  surrounding  section 
of  the  insect  vector.  The  rapid,  international  reporting  of  the  incidence 
of  the  more  dangerous  diseases  makes  easier  the  prevention  of  disease 
transmission  by  common  carriers. 


CAMPS 

Summer  camps,  motor  courts  and  trailer  camps  are  usually  operated 
under  permits  from  the  state  health  authorities.  In  some  instances  trailer 
camps  and  motoi  couits  are  under  local  health  jurisdiction.  Summer  camps 
are  frequently  located  in  remote  areas  where  there  is  little  or  no  local  health 
depaitment  activity.  Certificates  of  inspection  and  approval  are  posted 
at  the  camp  as  evidence  of  this  supervision. 

Of  most  impoitance  in  any  camp  operation  is  a  safe  water  supply,  a  safe 
milk  supply  and  food  service,  satisfactory  methods  of  sewage  and  waste 
disposal,  insect  control,  and  sanitation  of  bathing  beaches  or  of  swimming 
pools.  Organized  camps  conducted  during  several  months  of  the  year  for 
the  benefit  of  children  and  young  people  frequently  provide  well  supervised 
methods  of  sanitation  particularly  in  those  camps  under  the  supervision 
of  national  groups  of  the  Hoy  or  Girl  Scouts,  the  Campfire  Girls,  or  the 
Salvation  Army.  The  numerous  tourist  camps  and  the  increasing  number 
o  tiailei  camps  m  some  states  have  reiiuired  the  application  of  sanitary 
ethods  which  were  found  to  be  practical  and  effective  in  the  older  well 
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organized  camps.  Many  trailer  and  tourist  camps  are  located  within  munici¬ 
pal  limits  and  so  are  accessible  to  municipal  water  supply  and  sewage  dis¬ 
posal  facilities  and  even  garbage  collection  services. 

Summer  camps  present  special  problems  to  the  health  department.  These 
establishments  are  usually  located  in  places  graced  with  natural  beauty,  if 
such  is  possible.  This  frequently  means  that  they  are  outside  the  limits  of 
normal  city  sanitary  facilities  such  as  water  supply  and  sewage  disposal. 
Their  isolated  location  may  also  mean  that  supervision  by  health  depart¬ 
ments  is  difficult.  The  fact  that  the  usual  patrons  of  camps  are  transients 
who  may  make  their  next  stop  200  or  more  miles  distant  complicates  the 
difficulty  of  the  health  department  staff.  This  mobility  makes  control  of 
infected  individuals  difficult. 

Many  people  utilizing  the  services  of  camps  are  out  of  their  usual  en¬ 
vironment  which  may  make  them  unusually  susceptible  to  infection  or  they 
may  be  confronted  with  situations  unfamiliar  to  them.  Many  campers  and 
tourists  are  not  aware  of  the  fact  that  safe  water  supplies  and  food  services 
must  be  especially  provided  and  do  not  spring  into  existence.  Likewise, 
many  of  them  may  be  exposed  to  infections  strange  to  their  normal  con¬ 
tacts,  finding  them  particularly  susceptible  to  infection.  The  whole  atmos¬ 
phere  of  camps  and  also  of  motor  courts  and  trailer  camps  is  hkely  to  be 
one  of  relaxation,  of  a  picnic  frame  of  mind.  Under  these  circumstances 
otherwise  fastidious,  or  at  least  sensible,  individuals  are  likely  to  shrug 


off  conditions  they  normally  would  not  countenance,  as  part  of  the  vaca¬ 
tion,  “roughing  it”  life.  Obviously,  disease  organisms  do  not  recognize 

any  moratorium  during  such  periods. 

The  best  way  for  the  health  department  to  supervise  the  sanitation 
conditions  in  any  camp  is  to  have  an  alert  camp  staff  that  undei  stands  its 
responsibilities  for  the  health  of  the  campers  and  is  anxious  to  fulfill  those 
responsibilities.  Actually,  there  are  no  special  problems  of  sanitation  in 
camps.  With  proper  instruction  any  conscientious  staff  should  be  able  to 
operate  a  camp  satisfactorily  from  the  public  health  viewpoint. 

The  water  supply  should  conform  to  those  principles  discussed  m  Chapter 
VI  It  is  important  to  bear  in  mind  the  fact  that  all  water  should  meet 
satisfactory  standards.  If  auxiliary  supplies  are  used  along  trails  on  ov^er- 
night  trips,  those  supplies  should  meet  the  same  rigid  requirements  that 
the  main  supply  meets.  The  same  precautions  should  be  “JPpl'ed  to  human 
wastes  disposal,  namely,  that  the  same  degree  of  care  should  be  usrf  m 
disposing  of  wastes  on  the  trail  as  in  camp.  The  individual  should  be  taug 
to  defecL  in  scooped  out  holes  in  the  ground  and  then  use  the  removed 
eartfto  cover  the  wastes.  Since  overnight  trips  usually  follow  trails  fr^ 
quently  used,  permanent  facilities  such  as  privies,  should  be  erected 
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NEW  YORK  STATE  DEPARTMENT  OF  HEALTH 
DIVISION  OF  SANITATION 

EMERGENCY  HYPOCHLORITE  PLANT  FOR  DISINFECTING  WATER  AND  SEWAGE 
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Fig^  96.  Emergency  hypochlorite  plant  for  disinfecting  water  and  sewage.  (Cour- 
tesy,  Charles  R.  Cox,  New  York  Department  of  Health.) 

the  overnight  camping  spot.  Hand-washing  facilities,  however  primitive 
should  be  part  of  any  permanent  waste  disposal  installation. 

ess  sanitation  should  follow  the  same  methods  outlined  in  Chapter  IV. 

stnrl^  I’eason  why  the  same  quality  of  food  preparation,  service  and 
torage  demanded  m  our  best  city  restaurants  should  not  be  followed  in 
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camps.  The  same  supervision  of  the  health  of  the  kitchen  staff  should  be 
given  as  recommended  for  urban  restaurants.  The  wastes  from  the  messes 
are  just  as  good  fly-breeders  and  rodent  feeders  in  rural  areas  as  they  are 
in  city  environments.  Therefore,  the  same  precautions  should  be  used  in 
proper  disposal  of  garbage.  It  is  probable  that  burial  will  be  used  to  a  great 
extent  although  many  camps  make  arrangements  locally  for  collection  by 
a  scavenger. 

Disposal  of  wash  and  bath  water  may  provide  a  special  problem.  Ground 
conditions  for  absortion  of  liquids  are  frequently  poor  in  camping  areas  in 
mountainous  regions.  For  this  reason,  most  camp  directors  do  not  want  to 
increase  the  problem  of  human  wastes  disposal  by  using  the  septic  tank  and 
tile  field,  or  whatever  other  method  may  l)e  used,  for  the  disposal  of  large 
quantities  of  liquids  initially  of  little  hygienic  importance.  There  is  some 
merit  to  this  thought  but  a  short  period  of  experience  will  demonstrate  the 
fact  that  the  reasoning  does  not  take  all  factors  into  consideration.  Waste 
kitchen  or  bath  water  can  and  will  produce  nuisances  of  great  proportions. 
The  decomposing  organic  matter  in  the  water  will  produce  unpleasant  odors, 
the  appearance  of  the  pools  of  water  is  offensive  and,  most  important  of 
all,  the  accumulations  of  water  will  provide  ideal  breeding  places  for  mos¬ 


quitoes  and  flies.  Except  for  toilets  in  the  same  building  with  showers, 
it  is  probably  best  to  dispose  of  kitchen  and  bath  water  separate  from  the 
human  wastes.  Of  course,  if  human  wastes  are  added  to  shower  water  then 
the  whole  quantity  must  be  treated  as  human  wastes.  If  septic  tanks  are 
used,  a  grease  trap  should  precede  the  tank.  The  tile  field  should  be  designed 
on  the  generous  side  rather  than  the  skimpy  side.  (It  is  haid  to  convince 
the  kitchen  personnel  that  they  should  not  conserve  wash  Avatei  if  they  can 
see  that  the  disposal  field  for  the  waste  waters  is  overflowing.)  If  the  ground 
water  level  is  so  high  that  absorption  cannot  be  obtained  in  the  ground  it 
may  be  necessary  to  construct  a  contact  bed  above  the  giound  watei  level 
and  discharge  the  effluent  from  the  bed  into  some  nearby  stream.  The  dis¬ 
posal  of  human,  and  kitchen  and  bath  wastes  usually  presents  a  special 
problem  for  each  camp.  Expert  help  should  be  provided  to  solve  each  situa¬ 
tion  The  health  department  should  be  prepared  to  give  that  help. 

Insect  and  rodent  control  must  be  adjusted  to  local  conditions.  Ihe 
campers  will  generally  demand  good  control  of  insects.  Rodents  being  some- 
what  less  obvious  may  not  fall  under  demands  of  the  campers  and  so  the 
camp  staff  must  be  alerted  to  the  need  for  rodent  eradication.  Methods  foi 
insect  an.l  rodent  control  are  given  in  Chapter  XIII.  These  methods  can  be 
applied  readily  to  any  environment  and  set  of  circumstances,  beodless  to 
sly  if  there  are  insects  of  local  importance  special  measures  shonld  lie 
taken  to  eradicate  them.  Ticks  and  Rocky  Mountain  Spotted  Fever,  and 
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deer  flies  and  tularemia  are  examples  of  special  problems  demanding 
special  attention. 

Swimming  pools  and  bathing  areas  are  discussed  in  Chaptei  XI. 

One  of  the  most  important  factors  in  maintaining  satisfactory  conditions 
in  a  camp  is  absolute,  unquestioned  placing  of  responsibility  for  sanitation 
on  some  specific  person.  It  is  not  sufficient  to  assume  that  the  director  or  the 
camp  physician  or  nurse  will  supervise  the  sanitary  facilities.  The  job  must 
be  given  to  some  one  person  in  terms  that  permit  no  question  of  responsi¬ 
bility.  Furthermore,  definite  arrangements  should  be  made  for  an  under¬ 
study  to  take  over  should  the  person  primarily  responsible  be  away  from 
camp.  The  fact  that  the  director  of  sanitation  had  been  in  town  for  2  or  3 
days  may  be  a  reason  for  the  dish  washing  being  done  in  a  careless  manner. 
The  hazards  from  improperly  washed  dishes  do  not  evaporate  with  the 
absence  of  any  member  of  the  camj)  staff.  Unless  someone  knows  he  is 
responsible  for  the  sanitary  condition  of  the  cam]),  and  unless  each  member 
of  the  camp  staff  knows  that  also,  a  condition  of  “everyone’s  responsibility 
is  no  one’s”  is  likely  to  residt.  The  camj)  physician  or  nurse,  if  equipped 
with  the  proper  knowledge  and  a  desire  for  the  assignment,  should  make  a 
good  director  of  camp  sanitation. 


MOTOR  COURTS  AND  TRAILER  CAMPS 


Motor  courts  should  be  considered  on  the  same  basis  as  any  li\ung  ac¬ 
commodations  for  transient  populations.  Since  these  are  i)ublic  facilities, 
one  of  the  requirements  for  a  municipal  license  and  health  department 
approval  should  be  compliance  with  the  liasic  concepts  of  good  environ¬ 
mental  sanitation  already  discussed.  The  water  sujiply  shoidd  be  adequate 
and  safe;  sewage  and  garbage  disposal  should  be  satisfactory;  rodents  and 
insects  should  be  kept  under  control  at  all  times;  and  the  general  surround¬ 
ings  of  the  courts  should  be  kept  clean.  If  dining  facilities  are  provided  they 
should  meet  the  requirements  of  any  public  eating  place. 

Once  again,  the  importance  of  knowledge  must  be  stressed.  If  the  operator 
of  the  courts  knows  what  is  required  and  why  it  is  required,  particularly 
as  it  may  affect  his  business,  the  health  department  will  find  its  job  of  super¬ 
vision  much  easier.  As  with  camps,  someone  must  be  responsilile  for  the 
sanitary  conditions  of  the  area.  This  person  should  be  designated  when 
application  is  made  for  a  license  to  operate  the  motor  court. 


Trailer  Parks 


The  increased  amount  of  travel  by  automobile  has  ii 


as  accounted  for  the 
trailer  life  iiresents  to 
ibitants  create  many 
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of  the  problems  discussed  in  the  early  part  of  this  section.  They  have  a 
pioneering  spirit,  they  want  to  see  new  places,  they  are  prepared  to  accept 
much  cruder  services  than  those  they  normally  receive.  On  the  other  hand, 
they  may  not  be  equipped  to  evaluate  the  special  conditions  under  which 
they  may  be  living.  Unfortunately,  the  operators  of  many  trailer  parks  are 
equally  ignorant  of  the  requirements  of  the  trade  they  have  undertaken. 

Fundamentally,  the  problems  of  good  sanitation  for  a  trailer  park  are 
the  same  as  those  for  a  camp  or  motor  court.^^  The  water  supply  must  be 
safe  and  adequate  for  all  sanitary  needs.  There  must  be  an  allowance  of 
at  least  50  gallons  per  capita  per  day,  based  on  the  maximum  capacity  of 
the  camp.  Ample  provision  should  also  be  made  for  fire  protection.  If  a 
separate  system  is  used  for  fire  protection  it  should  be  piped  separately  and 
the  system  should  be  distinctively  painted  and  plainly  marked.  There 
should  not  be  any  outlets  of  such  a  size  that  the  usual  trailer  connection 
might  be  used.  All  outlets  should  be  separate  and  apart  from  those  for 
potable  water.  A  camp  connection  to  the  potable  water  supply  should  be 
available  at  each  trailer  parking  spot.  The  connection  should  be  such  that 
the  open  end  of  the  pipe  is  at  least  4  inches  above  the  surrounding  ground 
so  that  pollution  from  that  source  will  be  minimized. 

Connections  to  the  water  supply  line  in  the  trailer  should  be  protected 
against  contamination  or  pollution  while  the  ti  ailer  is  en  route.  The  dis¬ 
tance  in  the  trailer  between  the  water  connection  and  the  sewer  outlet 
should  be  at  least  four  feet.''^  Piping  connections  should  be  such  as  to  pre¬ 
vent  back-siphonage  through  any  of  the  trailer  fixtures  into  the  water 


systems.  _  .  . 

If  water  connections  are  not  made  at  each  trailer  parking  area  suitable 

common  outlets  conveniently  located  must  be  available  for  the  trailer 
owners.  It  is  better  to  require  each  trailer  group  to  use  its  own  containers 
in  transporting  water  than  it  is  to  provide  common  containers  which  may 
become  dirty  through  frequent  use  or  lack  of  a  strong  feeling  of  responsi¬ 
bility  on  the  part  of  campers  to  keep  receptacles  clean. 

Sewage  disposal  must  be  provided  for  with  a  connection  to  the  sewer  for 
each  trailer  or  else  by  the  provision  of  suitable  hopper  connections  and 
cleansing  facilities  where  the  toilet  receptacles  of  the  various  trailers  can 
be  emptied,  washed  and  sterilized.  Camp  toilet  facilities  can  also  be  pro¬ 
vided  for  exclusive  use  of  trailer  inhabitants.  The  individual  sewer  connec¬ 
tions  are  preferable.  The  camp  connections  to  the  sewer  should  be  at 
least  4  feet  from  the  camp  water  connections  and  must  be  fly-tight.  Leakage 
of  anv  sewage  onto  the  ground  should  not  be  permitted. 

If  individual  trailer  sewer  connections  are  not  provided  the  camp  shou 
be  Lid  for  prevention  of  the  nse  of  the  trailer  todet  system  un- 

L  it  is  connected  only  to  the  interior  trailer  receptacle.  The  safest  p.  - 
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cedure  prohibits  the  use  of  any  trailer  toilet  system  and  requires  use  of  camp 
toilet  facilities. 

Adequate  washing,  bathing,  and  laundrying  arrangements  should  be  pro¬ 
vided,  including  an  ample  supply  of  hot  water.  The  following  facilities 
should  be  available  in  the  ratios  indicated: 


Water  Closets  Required 

Urinals 

Lavatories 

Tubs  or  Showers 

Persons 

Male 

Female 

Males 

Fixtures 

Persons 

Fixtures 

Persons 

Fixtures 

M* 

F* 

1-10 

1 

1 

1-30 

1 

1-7 

1 

11-25 

2 

2 

31-60 

2 

1-15 

1 

2 

8-15 

2 

26-40 

3 

4 

61-100 

3 

16-30 

2 

3 

16-25 

3 

41-60 

4 

6 

101-150 

4 

31-50 

3 

4 

26-35 

4 

61-80 

5 

8 

51-75 

4 

5 

36-45 

5 

81-110 

7 

11 

Over  150  add  1  for 

76-100 

6 

7 

46-55 

6 

110-150 

9 

13 

each  add’l  50  males 

101-125 

7 

9 

Over  55 

and  not 

Over  150 

add  1  add’l 

Over  125  add  1  lav- 

over  200  add  1  tub 

closet  for  each  25 
males  and  20  females 
add’l. 


atory  for  each  20 
add’l  males  and 
each  15  add’l  fe¬ 
males. 


or  shower  for  each 
10  persons.  Over 
200  add  1  tub  or 
shower  per  each  20 
persons. 

*  M — Male;  F — Female. 

These  facilities  should  be  so  located  that  no  part  of  the  trailer  area  would 
be  farther  than  100  feet  from  any  of  the  units.  If  any  special  hazard  exists 
in  the  area  because  of  insects  or  rodents  the  operator  of  the  park  should 
be  required  to  take  necessary  precautions  to  protect  the  tourist  from  ex¬ 
posure  to  them.  Adequate  facilities  should  be  provided  for  the  storage  of 
garbap  in  water-tight,  covered  cans,  and  for  a  suitable  disposal  system. 
1  he  director  of  the  park  should  also  be  held  responsible  for  the  maintenance 
of  clean  conditions  throughout  the  camp.  If  a  restaurant  is  operated  in 
connection  with  the  trailer  park,  it  should  conform  to  the  requirements  of 
any  other  restaurant.  The  disposal  of  all  sewage  from  the  park  should  be 
m  accordance  with  principles  already  discussed. 

Responsibility  for  the  overall  sanitary  conditions  of  the  trailer  park 
should  be  assigned  to  a  specific  employee.  The  health  department  staff 
normally  deals  with  the  park  management  through  this  individual 

It  must  be  remembered  that  trailer  parks  are  not  permanent  residences 
an  a  many  cities  now  limit  the  period  permitted  in  residence.  These 
periods  vary  from  90  days  in  any  6  months  to  120  days  in  any  year.« 

CONCLUSIONS 

ott  in  may  confront 

him.  Much  of  the  information  is  based  upon  technical  kno''^Xdge.  oTthe 
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other  hand,  much  is  based  upon  common  sense  supported  by  a  modicum  of 
scientific  knowledge.  The  problems  that  have  been  touched  here  are  those 
that  frequently  confront  all  public  health  people  in  their  regular  contacts 
with  the  public.  Understanding  the  public  health  significance  of  these 
portions  of  the  sanitation  program  is  the  responsibility  of  every  public 
health  department. 
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Chapter  XIII 

INSECT  AND  RODENT  CONTROL 


Insect-borne  diseases  are  well  known  and  widespre'ad.  History  has  many 
times  recorded  the  effects  of  plague  and  typhus  fever.  The  fact  that  the 
mosquito  thwarted  the  French  in  their  efforts  to  build  the  Panama  Canal  is 
generally  known.  This  apparently  insignificant  arthropod  has  often  dictated 
the  story  of  mankind.  Moreover  the  relationship  of  disease  to  man’s  de¬ 
velopment  is  not  a  matter  of  ancient  history.  During  World  War  II  malaria, 
until  it  was  controlled,  proved  to  be  our  worst  enemy  in  certain  theaters  of 
operation,  ^’’ast  areas  of  the  earth  are  subjected  today  to  a  primitive  civiliza¬ 
tion  because  of  the  inroads  of  diseases  carried  by  uncontrolled  insects 
on  the  public  health  and  economic  life.  Extensive  areas  of  Africa  are  totally 
undeveloped  because  of  the  devastating  effects  of  certain  flies. 

Rodents,  particularly  rats,  play  their  part  in  the  spread  of  insect-borne 
diseases  by  serving  as  hosts  for  certain  insects,  or  as  the  reservoir  of  the 
causative  agent  of  some  diseases.  In  addition,  the  economic  cost  of  their 
destructive  habits  is  measured  annually  in  millions  of  dollars.  The  eradica¬ 
tion  of  certain  insects  and  rodents  is  of  prime  importance  in  any  public 
health  program. 

INSECT-BORNE  DISEASES 


Dunham^  has  classified  an  insect-borne  disease  as  one  transmitted  “when 
a  blood  sucking  insect  is  the  only  or  is  the  usual  agent  by  which  the  etiologi¬ 
cal  organisms  are  transmitted  from  person  to  person  or  from  animal  to 
man.”  Several  such  insects  and  the  diseases  they  carry,  of  importance  in 
the  United  States,  are  listed  in  Table  27. 

The  usual  chain  of  infection  is  man — insect — man.  Sometimes  another 
animal  becomes  a  part  of  the  chain,  as  does  the  rat  when  it  serves  as  the 
normal  host  for  the  flea.  In  some  cases  man  is  only  an  incidental  or  acci¬ 
dental  link  in  the  chain.  Such  is  the  case  in  Rocky  Mountain  spotted  fever. 
The  insect  vectors  of  disease  become  infected  by  sucking  blood  from  per¬ 
sons  or  animals  carrying  disease  organisms  in  their  blood  streams. 

The  infection  is  subsequently  returned  to  man  through  the  bite  of  the 
infected  insect  and  at  that  time  the  organisms  are  injected  into  man’s 
tissues  ^vith  secretions  from  the  salivary  glands  or  from  material  regurgitated 
from  the  digestive  tract  of  the  insect.  In  some  instances  the  skin  becomes 
contaminated  with  insect  feces  or  crushed  bodies  of  the  insect  and  inocula¬ 
tion  occurs  when  the  feces  or  body  parts  are  scratched  or  rubbed  thiougl 
minute  lesions  into  the  skin.  Some  disease  organisms  apparently  can  en  -ei 

through  unbroken  skin. 
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The  distribution  of  insect-borne  diseases  is  directly  related  to  the  preva¬ 
lence  of  the  insect  and  animal  species  implicated  in  transmission  of  the 
diseases.  Consequently  these  diseases  are  present  only  m  areas  where 
specific  insect  or  animal  species  are  indigenous  and  where  environmental 
conditions  are  favorable  to  their  continued  existence.  When  animal  hosts, 
such  as  rats,  are  involved  the  prevalence  of  the  disease  is  governed  by  the 
incidence  of  the  animals  and  the  accessibility  of  the  host  animals  to  the 
infecting  insects.  It  is  usual  to  find  individual  species  of  a  genus  acti\e 
in  the  spread  of  disease  and  other  species  of  the  same  genus  not  involved. 

Insect-borne  diseases  are  controlled  by  the  destruction  of  the  insect  or 
animal  host  at  some  stage  of  its  life  cycle ;  by  making  the  environment  unfit 
for  breeding  or  continued  existence  of  the  adult  vectors;  by  destroying  the 
infective  organisms  in  man  to  prevent  the  infection  of  insect  vectors;  or  by 

TABLE  27 


Insects  and  Transmitted  Diseases  of  Sanitation  Interest  in  the  United  States 


Insect 

Disease  Transmitted 

Mosquitoes 

Malaria,  dengue,  yellow  fever,  encephalitis. 

Lice 

Epidemic  typhus,  relapsing  fever. 

Ticks  and  mites 

Tularemia,  Rocky  Mountain  spotted  fever,  relapsing 
fever,  rickettsial  pox. 

Fleas 

Bubonic  plague,  endemic  typhus  fever. 

Biting  flies 

Tularemia. 

House  flies 

Intestinal  diseases,  by  mechanical  contamination  of  food. 

Roadies 

Mechanical  transfer  of  enteric  diseases. 

Bedbugs 

Relapsing  fever  (?). 

protecting  infected  individuals  from  the  bites  of  insects  during  the  infective 
stages  of  the  disease. 

The  discussion  of  the  control  of  insects  is  on  a  general  basis  and  is  not 
related  to  specific  diseases  unless  definitely  noted.  Furthermore  the  use  of 
the  term  “insect”  will  be  that  of  general  conversation  and  not  of  technical 
entomology.  It  is  recognized  that  the  inclusive  term  “arthropod”  should 
be  used  but  insect  is  preferable  for  easier  reading. 

Plague 

Pasteurella  pestis,  the  causative  bacterium  of  plague,  is  transmitted 
from  rodent  to  man  or  to  other  rodents  by  the  bite  of  infected  fleas,  the 
most  important  of  which  is  the  rat  flea,  Xenopsylla  cheopis.  Rats  are  the 
most  common  host  for  these  fleas  although  ground  squirrels,  pack  rats,  and 
harvest  mice  have  also  become  infected. 

The  fleas  become  infected  by  sucking  blood  from  rodents  or  humans 
sick  with  the  disease.  They  are  capable  of  transmitting  the  organisms  to 


356 


THE  PRACTICE  OF  SANITATION 


man  immediately  after  becoming  infected  and  they  remain  infectious  for 
about  20  days.  Fleas  sei\e  as  a  meclianical  link  in  the  chain  of  infection 
—there  is  no  stage  of  development  of  P.  pestis  that  must  be  spent  in  the 
insect. 

Plague  is  world  wide^®  but  is  most  prevalent  in  India.  Known  as  the 
“Black  Death”  it  swept  through  Europe  in  the  14th  century  killing  about 
25  million  people.  Epidemics  of  magnitude  also  appeared  during  the  IGth, 
17th  and  18th  centuries.  It  has  been  endemic  in  China  and  India  since 
the  19th  century.  In  1892  an  epidemic  l)egan  in  China,  spread  through 
the  Orient,  and  before  subsiding,  was  responsible  for  outbreaks  throughout 
the  world. 

The  disease  is  an  ever  present  menace  and  since  it  is  transmitted  by  the 
rat  flea,  it  follows  trade  shipping  routes.  Inspection  of  ships  for  rat  infesta¬ 
tion,  and  fumigation  if  necessary,  is  routinely  undertaken  by  health  authori¬ 
ties  to  prevent  the  introduction  of  plague  into  seaports.  Mooring  lines  to 
piers  are  tarred  or  equipped  with  metal  rat  shields  not  less  than  30  inches 
in  diameter  to  prevent  rats  from  coming  ashore  or  going  aboard.  Hawse 
holes  must  be  plugged  when  boats  are  moored  to  piers  and  gangplanks 
must  be  removed  at  sunset  unless  actively  in  use. 

Typhus  Fever 

There  are  two  forms  of  typhus  fever  important  in  the  United  States. 
Both  are  caused  by  rickettsia  l)odies.  Epidemic  typhus  fever  is  transmitted 
from  man  to  man  by  the  body  louse,  Pcdiculus  humanus.  Murine  endemic 
typhus  is  carried  from  rats  to  man  by  the  flea,  commonly,  Xenopsijlla 
cheopis. 

The  vectors  become  infected  by  sucking  blood  from  humans  suffering 
from  the  disease.  The  louse  becomes  infectious  to  man  in  5  or  6  days  alter 
feeding  on  an  infected  human.  The  causative  organisms  of  the  epidemic 
form,  Rickettsia  prowazeki  moorseri,  are  introduced  into  the  bloodstream 
by  crushing  the  infected  louse  or  by  scratching  louse  feces,  into  the 
wound  made  by  the  bite,  or  into  other  superficial  skin  abrasions.  Epidemic 
typhus  is  a  disease  of  poor  hygiene — dirty  bodies  and  clothing. 

Great  epidemics  of  typhus  have  occurred  in  Europe  during  wars,  being 
severe  enough  to  interfere  with  military  operations.  An  epidemic  m  Serbia 
during  World  War  1,  in  1914-15,  caused  some  150,000  deaths  during  a  6 
months  period.  In  World  War  II  an  epidemic  threatened  Naples  and  south¬ 
ern  Italy  during  the  winter  of  1943-44,^^  the  disease  having  been  brought  in 
by  refugees  from  the  Balkan  countries  and  prisoners  of  war  returned  from 
Tunisia  Epidemic  conditions  developed  in  Naples  from  October  to  Janu¬ 
ary  with  371  cases  reported  for  the  month  of  December  among  a  civilian 
population  of  one  million,  plus  a  large  number  of  military  personnel.  Ily- 
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gienic  conditions  of  the  civilian  population  were  very  bad,  particularly  in 
the  caverns  without  sanitary  facilities  used  as  air  raid  shelters.  The  epi¬ 
demic  was  broken  by  dusting  all  susceptible  jiersons  with  DDT  powder. 
This  control  program  was  instituted  in  December  and  was  later  extended 
to  mass  dusting  of  the  entire  civilian  population.  By  January  1944  the  peak 
had  been  passed  and  by  the  end  of  February  the^  epidemic  had  subsided. 

From  a  sanitation  viewpoint  the  control  of  this  disease  centers  around 
the  provision  of  good  personal  hygiene,  elimination  of  crowding,  and  pre¬ 
vention  of  lousiness.  Under  epidemic  conditions  the  use  of  lousicides,  such 
as  DDT,  for  the  disinfestation  of  human  clothing  becomes  important. 

Murine  (Endemic)  Typhus 

It  has  been  recognized^®  ■  that  murine  typhus  is  endemic  in  the  south¬ 
eastern  portion  of  the  United  States,  particularly  in  Alabama,  Arkansas, 
Florida,  Georgia,  Louisiana,  Mississippi,  North  and  South  Carolina,  Ten¬ 
nessee,  and  Texas,  and  may  become  ejiidemic  under  favorable  conditions. 
From  1932  to  1945  some  20,000  cases  were  reported,  with  a  peak  of  5,213 
in  1944,1®  practically  all  of  them  in  the  southeastern  United  States.  The 
reported  incidence  has  decreased  since  1944  to  slightly  over  1000  cases 
in  1948. 

While  the  death  rate  is  low  except  for  adults  o\'er  00  years,  the  illness  and 
convalescent  period  persists  for  several  weeks,  making  the  disease  one  of 
economic  importance. 

The  disease  is  not  a  normal  infection  of  man.  Bather  it  is  a  disease  of  rats 
and  only  incidentally  does  it  spread  to  man.  The  causative  organisms, 
Rickettsia  prowazcki  inoorscri,  are  transferred  from  infected  rats  to  man 
by  a  flea,  usually  the  \enopsylla  chcopis.  Lhe  disease  is  of  importance  for 
discussion  because  its  control  consists  of  the  elimination  of  the  rat,  par¬ 
ticularly  the  common  brown  and  black  rats  and  fleas  t  hat  may  live  'upon 
the  rat  or  in  close  association  with  it.  DDT  dusting  of  rat  runs,  burrows 
and  harborages  during  1946-47  reduced  reported  cases  of  murike  tyjihus 
approximately  50  percent  in  the  United  States.^® 


MALARIA,  DENGUE,  AND  YELLOW  FEVER 

The  causative  agents  for  dengue  and  yellow  fever  are  filteralde  viruses 
and  for  malaria  a  protozoa,  Plasmodium.  There  are  three  species  of  plas- 
modia  each  of  which  causes  a  particular  infection  of  malaria.*’  They  are; 
1  tasmodium  vivax  Benign  tertian  malaria — 48  hour  cycle 
Plasmodium  malanac—quavhm  malaria— 72  hour  cycle. 

B/asmofAMwi  falciparum— MaWgnant  tertian— 24  to  48  hour  cycle 
All  of  these  diseases  are  transmitted  to  man  by  the  bite  of  mospuitoes 
he  common  vectors  in  the  United  States  for  malaria  are  the  AmphZ'- 
fo.  dengue,  the  .Icto  cjpli-,  and  for  yellow  fever,  the  deto  egyptiZ,’. 
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The  insects  become  infected  by  biting  persons  having  the  disease.  (It  is 
now  known  that  yellow  fever  is  endemic  in  the  monkeys  of  South  America, 
Central  America,  and  the  African  jungles.)  These  diseases  can  assume 
epidemic  proportions  only  when  there  is  a  basic  numerical  relationship 
between  the  number  of  cases,  the  density  of  infected  mosquitoes,  and  the 
concentration  of  susceptible  human  population.  Absence  of  any  one  of 
these  factors  ^vill  break  the  chain  of  transmission. 

The  virus  and  parasites  from  infected  mosquitoes  are  injected  from  their 
salivary  glands  into  the  wound  during  the  act  of  biting.  Yellow  fever  pa¬ 
tients  are  infectious  to  mosquitoes  for  the  two  days  prior  to  the  onset  of  the 
fever  and  for  the  initial  3  days  of  the  fever,  since  it  is  only  during  this 
period  that  the  peripheral  blood  carries  the  virus.  An  incubation  period  of 
10  to  21  days  is  required  in  the  body  of  the  mosquito  before  the  Aedes 
genus  will  transmit  the  infection  to  man.  The  virus  of  dengue  fever  is  found 
in  the  peripheral  blood  from  a  day  before  the  onset  of  fever  to  5  days  after 
the  onset.  The  mosquito  becomes  infectious  8  to  11  days  after  biting  the 
infected  human. 

Both  the  Aedes  and  Anopheline  species  are  infectious  for  the  remainder 
of  their  lives,  following  infection,  and  are  not  materially  affected  by  the 
disease  organisms. 


Malaria 

Malaria  patients  are  infectious  as  long  as  the  plasmodium  sexual  forms 
(gametocytes)  are  present  in  the  blood  in  sufficient  numbers  to  infect  mos¬ 
quitoes.  The  gametocytes  from  human  blood  are  ingested  by  the  ffimale 
anopheline  and  sexual  union  occurs  in  the  stomach  producing  a 
zygote.  The  zygotes  encyst  in  the  stomach  where  they  produce  sporozoites 
which  reach  the  salivary  glands  and  are  carried  to  the  human  during  the 
act  of  biting.  A  period  of  10  to  14  days,  which  may  vary  up  to  21  days  for 
the  vivax,  is  required  for  the  parasites  to  pass  through  their  life  cycle  in 
the  mosquito.  Persons  harboring  gametocytes  m  the  blood  become  in¬ 
fectious  to  mosquitoes  even  though  not  demonstrating  the  clinical  syinp- 
toms  of  the  disease.  Indigenous  populations  in  malarious  regions  develop 
a  certain  immunity  to  the  local  plasmodium  through  continuous  infection 

but  new  arrivals  in  the  area  are  susceptible. 

Malaria  is  prevalent  throughout  the  world,  averaging  304  million  cases 
each  year  Prior  to  World  War  II,  India  averaged  loO  million  cases  and  2 
million  deaths  yearly.  The  Anopheles  gamhiae  is  an  important  vector  in 
Africa  Accidentally  introduced  into  Brazil  m  1930  this 
^ath  of  14,000  persons  in  one  year.  The  epidemic  was  controlled  and  by 
1940  the  vector  Ls  eliminated  from  that  country  at  a  cost  of  2.5  million 

dollars.^® 
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Malaria  in  the  United  States  at  one  time  was  a  disease  of  great  impor¬ 
tance,  both  for  the  number  of  deaths  caused  and  for  the  economic  im¬ 
portance  of  the  money  spent  in  medication  and  the  reduced  earning  power 
of  infected  persons.  At  one  time,  the  incidence  rate  of  the  disease  for  one 
year  was  estimated  at  aliout  1,000,000  with  deaths  put  at  5,000.  (Accurate 
information  is  not  available  because  of  the  poor  reporting  of  the  disease.) 
The  economic  cost  due  to  lost  income  has  been  put  at  $500,000,000  per  year. 


TT  a!'  and  Mortality  curves.  (Courtesy,  Justin  M.  Andrews. 

United  States  Public  Health  Service.) 


The  combination  of  apparent  natural  changes  in  the  incidence  of  the 
disease  plus  the  effective  control  measures  instituted  by  man  have  prac¬ 
tically  eliminated  malaria  from  the  United  States.  Figure  97  shows  the 
decrease  of  malaria  morbidity  and  mortality  in  this  country.  As  a  sanitation 
artivity  this  has  meant  the  elimination  of  the  mosquito  vector  and  protec¬ 
tion  of  humans  from  the  bite  of  possibly  infected  mosquitoes. 

Dengue 

Dengue  is  found  in  tropical  regions  and  becomes  prevalent  in  districts 
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A  dengue  epidemic  was  reported  in  Hawaii  in  1903  with  30,000  cases  and 
again  in  1912  there  was  another  of  consideralile  magnitude.  Epidemics  were 
reported'^'in  Texas  in  1922  with  estimated  cases  between  500,000 
and  600,000,^^  and  in  Florida  in  1930.  It  again  became  prevalent  in  Hawaii 
in  1943  starting  with  2  cases  in  July  and  reaching  169  cases  per  week  by 
November.*®  This  outbreak  was  controlled  by  a  vigorous  larvicidal  program. 


Yellow  Fever 

Yellow  fever  is  endemic  in  certain  sections  of  South  America  and  West 
Africa  but  since  Aedes  egijpti  is  known  to  breed  between  latitude  38°N  and 
38°S  it  can  be  prevalent  theoretically  in  a  much  larger  geographical  area. 
The  insect  vector  prefers  environments  close  to  human  habitation,  causing 
the  disease  to  be  one  of  thickly  settled  communities. 

Yellow  fever  has  been  the  dread  disease  of  the  American  continents. 
Endemic  in  the  tropics  it  frequently  invaded  the  temperate  zone  of  the 
United  States.  During  the  epidemic  of  1878  over  13,000  people  died  in  the 
hlississippi  Valley  and  the  scourge  spread  to  northern  cities  including  New 
York,  N.  Y.,  and  Boston,  Mass.  In  past  years.  New  Orleans,  La.,  Memphis, 
Tenn.,  Tvlobile,  Ala.,  Savannah,  Ga.,  and  Charleston,  S.  C.  have  reported 
frequent  outbreaks. 

Havana,  Cuba  was  a  center  of  this  disease  for  over  200  years  and  with 
the  occupation  of  the  city  by  the  United  States  forces  in  1898  the  oppor¬ 
tunity  to  determine  the  cause  and  propagation  of  the  disease  vas  made 
possible.  The  early  investigations  of  Dr.  Carlos  Finlay  served  as  the  back¬ 
ground  for  the  work  of  Major  Walter  Heed,  head  of  the  Army  Yellow  Fever 
Commission  in  1900.  Reed  and  other  Commission  members,  Carroll,  Lazear, 
and  Agramonte  proved  that  the  bite  of  an  infected  mosquito  was  the 
method  of  transmission  from  man  to  man.**  Acting  upon  this  conclusion 
Gorgas,  as  sanitarv  officer  of  the  city,  proceeded  to  take  measures  or  the 
elimination  of  the  msect.  This  work  was  instituted  in  February  1901  and 
by  September  of  that  year  the  disease  was  under  control.  The  case  ra  e 
dropped  from  909  per  1000  in  1899  to  only  19  in  1908.  From  this  experience 
Gorgas^*  developed  the  sanitary  control  of  the  Panama  Canal  m  9  , 

which  made  possible  the  building  of  this  great  water  way.  Without  ade¬ 
quate  environmental  hygiene  the  canal  project  would  have  failed,  as  hac 
previous  attempts.  The  Canal  stands  not  only  as  an  immense  engineeimg 
fpnt  but  as  a  sanitary  accomplishment  of  great  magnitude. 

ci  me^  botl>  for  , longue  and  for  yellow  fever  are  based  on  t  .0 
destructive  of  the  larvae  in  breeding  areas  and  adults  m  resting  p  ace.  y 
“  of  insectiei,les,  drainage,  and  filli.rg  of  swamp  ands.  Contro  s 
dLTed  only  at  those  species  known  to  be  imphcated  .n  the  spread  of  the 
diseases.  This  is  called  “species  sanitation. 
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Protection  of  humans  against  the  bite  of  the  infected  mosquito,  by  the 
use  of  screening  has  also  contributed  to  successful  contiol. 

Rocky  Mountain  Spotted  Fever 

Rocky  Mountain  spotted  fever  is  an  infection  of  Rickettsia  rickettsia. 
The  disease  is  transmitted  to  man  by  the  bite  of  ticks,  Dermacentor  ander- 
soni  in  the  northeast  United  States  and  by  variabilis  in  the  east  and  south¬ 
ern  United  States;  Amhlyomma  americanum  the  Lone  Star  tick,  may  be 
involved  in  the  southwestern  part  of  the  country.  Wild  rabbits,  squirrels, 
and  similar  animals  are  the  reservoir  of  infection.  Infection  is  passed  from 
the  female  tick  to  her  progeny.  The  vector,  other  than  in  congenitally  ac¬ 
quired  infection,  becomes  infected  by  sucking  blood  from  the  host.  Ticks 
are  infectious  for  life.  Human  infections  are  caused  by  tick  bites  with  the 
rickettsia  being  introduced  into  the  human  blood  stream  during  the  act  of 
biting.  Not  all  ticks  in  an  area  are  infected  and  transmission  from  an  in¬ 
fected  tick  to  a  human  recpiires  3  to  5  hours  of  contact  while  feeding.  There 
is  therefore  usually  an  opportunity  to  remove  ticks  from  the  body  before 
infection  occurs. 

The  incidence  of  Rocky  Mountain  spotted  fever  is  not  great.  However, 
it  has  spread  throughout  the  United  States  and  has  drawn  attention  to  its 
presence  by  the  high  mortality  rate. 

Control  measures  of  a  sanitary  nature  are  based  upon  reduction  of  in¬ 
fected  ticks  in  localized  areas  below  a  density  that  provides  a  probability 
of  infection.  Secondary  protection  is  given  by  the  prompt  removal  of  all 
ticks  from  the  clothing  or  body  and  the  use  of  protective  covering. 

Tularemia 

Tularemia  is  caused  by  the  organism,  Pasteurella  tularensis.  Human  in¬ 
fection  occurs  in  various  ways,  including  transmission  by  the  deer  fly 
{Chrysops  discalis)  and  ticks  (Dermacentor  andersoni  and  variabilis).  In¬ 
fection  also  occurs  by  inoculation  of  the  skin  through  handling  infected 
animals  such  as  wild  rabbits,  hares,  woodchucks,  muskrats,  opossum,  quail, 
cats,  deer,  dogs  and  sage  hens.  Transmission  through  infected  water  is  not 
uncommon.  Mosquitoes  and  fleas  have  been  shown  to  be  suitable  vectors. 
Deer  flies  may  remain  infective  for  about  14  days  but  ticks  remain  infective 
for  life  and  may  pass  the  infection  on  to  their  progeny. 

The  disease  is  prevalent  throughout  the  United  States.  The  incidence 
is  particularly  high  during  the  hunting  seasons,  probably  because  of  the 
increased  contact  with  rabbits.  Protection  against  infection  consists  of 
care  in  handling  any  animal  or  bird  that  might  carry  the  infection.  Use  of 
rubber  gloves  during  skinning  operations  is  an  example 

The  disease  does  not  present  a  major  problem  in  the  sanitation  program. 
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However,  since  insects  may  be  involved  in  the  transmission  from  animals 
to  man,  control  measures  directed  toward  other  diseases,  i.e..  Rocky  Moun¬ 
tain  fever,  might  be  elaborated  to  include  some  action  toward  tularemia 
vectors. 


Relapsing  Fever 

Two  forms  of  relapsing  fever  occur.  The  first,  caused  by  the  spirochete 
Borrelia  recurrentis,  is  transmitted  from  man  to  man  by  the  body  lou.se. 
The  other  type  is  spreatl  by  ticks  and  the  causative  agent  is  another  spiro¬ 
chete,  Borrelia  dutloni.  The  former  is  closely  related  to  louse-borne  typhus 
in  the  methods  of  transmission  and  of  control.  The  latter  is  similar  to 
Rocky  IMountain  fever.  Neither  form  occurs  frequently  in  the  United 
States. 


DDT  AND  the  Newer  Insecticides 

The  value  of  DDT  and  the  other  recently  developed  insecticides  is  great 
in  the  control  of  insects.  DDT  and  the  other  new  organic  insecticides  have 
revolutionized  the  control  methods  applied  against  many  insects.  Among 
these  new  insecticides  are:  DDT,  chlordane,  DDD,  benzene  hexachloride, 
chlorinated  camphene,  lindane,  and  methoychlor.^ 

DDT,  dichloro-diphenyl-trichloroethane,  was  first  synthesized  in  1874 
by  Othman  ZiedleU^  at  Stra.sbourg,  Germany,  but  its  insecticidal  proper¬ 
ties  were  not  discovered  until  1939  when  Paul  iMuller'-®  of  the  Geigy  Com¬ 
pany  in  Switzerland  began  commercial  use  of  the  material  to  control  potato 

beetles. 

The  compound  is  a  white  powder  practically  insoluble  in  water  but  solu¬ 
ble  in  common  organic  solvents.  It  is  obtainable  in  many  foims  including, 
a  10  percent  dusting  powder  diluted  with  talc  or  pyrophyllite. 
a  5  percent  residual  spray  dissolved  in  deobase  kerosene  with  or  without 

added  solvent. 

a  1  percent  contact  spray  with  0.2  percent  pyrethrins  dissolved  m 
deobase  kerosene  with  or  without  added  solvent, 
a  6  percent  delousing  spray  with  68  percent  benzyl  benzoate,  12  percent 

benzocaine  and  14  percent  wetting  agent, 
a  25  percent  emulsion  containing  10  percent  triton  x- 100  as  an  emulsi  ei 
dissolved  in  xylene  with  final  DDT  concentration  diluted  to  1  or  5 

percent  at  time  of  use. 

a  3  percent  aerosol  containing  0.4  percent  pyrethrums,  o  percent  cyclo¬ 
hexanone,  5  percent  deobase  kerosene  and  85  percent  freon  (dichloio- 

difluoro-methane)  as  the  propellant. 

DDT  is  both  a  contact  and  stomach  insect  poison  causing  hypcractivi  y 
and  tremors,  followed  by  paralysis  of  the  locomotor  appendages  and  death. 
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It  is  not  a  repellent  or  instantaneous  poison  but  its  principal  value  is  the 
prolonged  insecticidal  effect  lasting  months  after  crystals  have  been  de¬ 
posited  on  surfaces.  Absorption  of  DDT  is  by  contact,  and  death  incurs 
after  a  period  of  time  varying  from  20  minutes  to  several  hours.  DDl  is 
not  an  effective  agent  against  all  insects,  but  it  is  potent  against  many 
common  ones  that  are  vectors  of  disease  or  bring  discomfort  to  peo{)le.® 

DDT  is  inherently  toxic  to  humans  when  improperly  handled.  Oil  solu¬ 
tions  have  caused  dermatitis  and  when  accidentally  ingested  have  caused 
deatlff*  although  the  pathological  findings  were  indicative  of  poisoning  by 
the  oil  diluent  rather  than  by  DDT.  To  avoid  dermatitis  when  using  oil 
or  organic  solvent  solutions  contact  must  not  be  piolonged  and,  should  the 
liquid  be  spilled  upon  the  skin,  it  must  be  removed  promptly  by  washing 
with  soap  and  water.  Contamination  of  food  with  the  powder  must  be 
avoided  since  ingestion  of  appreciable  cpiantities  will  have  deleterious  reac¬ 
tions. 

iNIost  of  the  other  new  insecticides  are  toxic  to  man  although  usually  so 
only  in  large  quantities.  The  effects  of  several  have  been  tried  on  rats  with 
the  following  results  showing  the  dosage  recpiired  to  kill  50  percent  of  the 
test  animals 

A  Comparison  of  the  Acute  Oral  Toxicity  for  Rats  of  the  Newer  Insecticides  with  DDT 

Lethal  Dose  50  mg. /kg.  Ratio  to 


Insecticide  body  weight  DDT 

Beta  Isomer,  Benzene  Ile.xachloride .  6,000  1/24 

DDD .  25,000  1/10 

Delta  Isomer,  Benzene  Ile.xachloride .  1,000  1/4 

Alpha  Isomer,  Benzene  Hexacliloride .  500  1/2 

Chlordane .  500  i/2 

DDT .  250  1 

Gamma  Isomer,  Benzene  Ilexachloride .  125  2 


The  toxicity  of  these  insecticides  varies  for  different  and  even  for  the  same 
species  of  animal.  The  same  phenomenon  is  observed  with  regard  to  the 
effectiveness  against  insects. 

Methods  of  Application 

Ihe  dust  can  be  applied  with  shaker  cans,  plunger  or  bellows  dusters, 
rotary  hand  or  power  dusters  and  liy  airplane. 

Solutions  or  water  emulsions  are  applied  with  hand,  knapsack,  or  power 
sprayers  and  by  airplane.  A  semi-fine  spray  should  be  applied  for  residual 
effect  on  walls,  doors,  screens,  etc.  This  is  a  spray  that  will  wet  the  surface 
without  fogging  the  air  and  without  applying  such  quantities  of  solution 
as  to  cause  it  to  run  off.  The  nozzle  of  the  sprayer  should  be  held  4-8  inches 

from  the  object  being  treated.  Screens  may  also  be  treated  by  applying  with 
a  cloth  dauber. 
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A  solution  or  water  emulsion  may  be  applied  to  the  exterior  of  buildings 
with  standard  large  type  sprayers  or  Avith  power  units.  They  should  pro¬ 
duce  a  fine  mist  that  will  drift  readily  with  a  light  breeze.  Airplane  spraying 
equipment  must  produce  a  similar  mist.  To  acquire  adequate  distribution, 
DDT  concentrations  are  reduced  for  this  work  to  1  percent.  Aersol  bombs 
are  used  directly  from  the  container. 

House  Flies 

The  common  house  fly,  Musca  domestica,  has  been  suspected  of  playing 
an  active  part  in  the  spread  of  intestinal  diseases.  Its  habits  are  such  that 
this  suspicion  seems  to  lie  justified.  Fly  eggs  are  deposited  and  hatched  in 
decaying  filth.  Flies  feed  on  similar  material  with  human  wastes  serving  as 
a  favorite  item  of  food.  There  are  many  opportunities  for  infection. 

The  feeding  habits  anti  the  anatomy  of  flies  favor  transmission  of  con¬ 
taminated  material.  The  house  fly  does  not  bite  but  sucks  up  its  food  in  a 
liquid  state.  When  confronted  with  solid  food  it  spits  out  saliva  to  make  a 
solution  of  the  desired  food.  This  makes  an  excellent  opportunity  for  spread¬ 
ing  infected  material.  The  fly,  like  most  insects,  defecates  copiously  while 
eating.  This  habit  is  another  avenue  for  the  transmission  of  infection.  Fin¬ 
ally  the  body  of  the  fly  is  coveretl  with  many  fine  hairs  ideally  suited  for 
carrying  filth  from  one  place  to  another. 

Incidence  of  fly-borne  disease  cannot  be  expressed  in  figures  for  none  are 
available.  However,  studies  conducted  at  Hidalgo,  Texas,  have  shown  the 
direct  relationship  between  fly  incidence  and  the  incidence  of  diarrheal 
diseases.  The  relationship  of  house  flies  to  the  transmission  of  cholera  is 
considered  important  in  the  control  of  that  disease.  Experimental  work 
has  shown  the  possibility  of  the  house  fly’s  transmitting  the  eggs  of  para¬ 
sitic  worms  to  the  food  of  man.’^  The  role  flies  may  play  in  the  transmission 
of  poliomyelitis  has  not  been  established  but  neither  has  it  been  eliminated 
as  a  factor.  In  general  terms,  the  incidence  of  house  flies  is  accepted  as  a 
measurement  of  the  sanitary  conditions  of  an  environment. 

The  following  control  measures  refer  particularly  to  the  common  house 
fly  although  they  are  generally  effective  against  other  types  of  flies,  such  as 
the  blow  flies,  that  may  create  health  hazards  by  the  mechanical  transfei 
of  infectious  material. 

Introduction  of  some  of  the  newer  insecticides  has  diverted  attention 
from  some  fundamental  methods  that  must  be  applied  in  any  fly  control 
program.  It  is  an  easy  matter  to  spray  the  interiors  of  restaurants,  barns, 
and  other  food  handling  areas,  and  it  is  good  publicity  to  permeate  an  en¬ 
tire  community  with  a  fog  of  DDT  or  other  insecticide.  Taken  alone,  these 
methods  are  insufficient.  Effective  control  of  flies  requires  effective  preven- 
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tion  of  breeding.  Other  methods  should  be  considered  auxiliary  approaches, 
applicable  in  certain  places  or  under  certain  circumstances. 

Flies  breed,  i.e.,  lay  their  eggs,  in  moist,  warm  accumulations  high  m 
organic  matter.  Horse  manure  is  the  chief  breeding  material  if  it  is  available. 
Other  manure  also  serves  if  horse  manure  is  not  convenient.  Decaying 
garbage  or  foods  are  other  popular  breeding  places.  Moisture  is  required 
for  the  larvae  that  hatch  from  the  eggs,  because  they  do  not  chew  but 
must  obtain  their  food  in  a  liquid  state.  The  larvae  develop  into  pupae 
which  in  turn  hatch  out  into  the  adult  fly.  In  warm  weather  the  complete 
cycle  of  egg  to  adult  fly  may  take  place  in  about  10  days.  Cool  weather  or 
poor  food  supply  available  to  the  larvae  will  extend  this  period.  The  fly 
prefers  light  to  darkness  and  is  attracted  to  food  by  its  sense  of  smell. 

The  surest  method  of  control  of  flies  is  the  elimination  of  breeding  places. 
Complete  screening  of  buildings  is  also  of  vital  importance.  Screen  doors 
should  open  outward  to  be  effective.'^’  *  With  use  of  the  new  insecticides 
fly  traps  are  unnecessary  at  food  preparation  establishments.  The  following 
program  has  been  found  effective  in  controlling  the  numbers  of  flies  in  any 
community :® 

1.  Improvement  of  sanitation  practices  in  general. 

2.  Screening  of  homes  and  food  preparing  and  handling  places. 

3.  Application  of  residual  sprays  to  selected  fly  resting  places. 

4.  Application  of  larvicides  in  selected  sites. 

5.  Broadcasting  of  space  sprays  over  extensive  areas. 

An  application  of  a  residual  spray  containing  DDT,  chlordane,  lindane, 
or  methoxychlor  should  be  made  to  places  indoors  or  outdoors  where  large 
numbers  of  flies  congregate. The  spray  should  be  applied  to  surfaces  where 
numerous  fly  specks  appear,  especially  on  window  and  door  screens,  rafters, 
ledges,  light  coids,  and  lamps.  The  spraying  of  barns  and  outbuildings  has 
successfully  controlled  flies  on  the  farm.  Milk  containing  more  than  1  ppm. 
of  DDT  has  been  banned  from  interstate  shipment.  Since  DDT  on  the  body 
of  milch  cows  or  consumed  on  feed  will  concentrate  in  the  fatty  tissues  of 
the  milk  and  so  appear  in  a  concentrated  amount  in  the  milk  other  insecti¬ 
cides  have  been  substituted  for  DDT  around  cattle  or  dairy  barns  and 
milk  houses. 


DDI  is  safe  to  use  m  food  production  plants  such  as  slaughter  houses 

pac  ing  plants,  and  markets,  if  proper  precautions  are  taken  to  prevent 

exposure  of  food  to  the  spray Prior  to  spraying  in  food  lueparation 

and  serving  estal.lishments,  all  food,  utensils,  an.l  preparation  tables,  must 
be  covered.  ’ 

fl- """  cans  and  adjacent  areas  should  be  spraved  to 

adult  flies,  since  the  flies  rest  in  these  locations  when  seeking  food. 
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Interiors  of  privy  houses  and  the  ground  close  to  manure  piles  should  he 
treated  since  flies  also  rest  in  these  places,  after  feeding. 

Application  of  a  5  percent  DDT  residual  spray  should  be  made  at  the 
rate  of  1  quart  per  250  square  feet  of  surface.  The  surface  should  be  wetted 
without  runoff,  as  in  applications  for  bedbugs. 

Strains  of  flies  resistant  to  DDT  ha\'e  appeared  in  several  sections  of  the 
ITiited  States,  making  the  use  of  some  other  insecticide  necessary.  They 


Fig.  98.  Garbage  can  spraying  with  DDT  for  fly  control.  (Courtesy,  United  States 
Public  Health  Service.) 


are  used  when  DDT  begins  to  show  a  loss  of  effectiveness.  Chlordane  and 
methoxychlor  are  good  substitutes.  ^lethoxychlor  has  been  accepted  as  a 
substitute  for  DDT  around  dairies.  However,  neither  of  these  chemicals 

gives  the  lasting  effect  of  DDT. 

The  results  of  spraying  programs  carried  on  in  various  parts  of  t 

country  have  shown  that  it  is  not  necessary  to  spray  the  interiors  of  rooms 
in  houses  having  screened  windows  and  doors.  Where  screens  are  used  goot 
results  have  resulted  from  spraying  only  the  doors  and  the  area  aioun 

“‘l  arvifi.les  ,.refe>ably  clilcxlane.  it  DDT  roMstant  flies  are  present, 
should  be  used  tor  tlie  treatment  ot  fly-Irreeding  places  such  as  mannr 
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piles,  pit  privies,  and  compost  piles.  Chlordane  appears  to  be  the  larvicide 
of  choice  in  most  instances  and  is  applied  as  an  emulsion  of  w  to  4  pei  cent 
content  at  the  rate  of  50  to  100  mg.  of  chemical  per  sciiiare  foot  of  surface. 
This  gives  protection  for  8  to  11  weeks.  Garbage  cans  should  be  treated  m 


the  same  manner.  ,  . 

Space  or  area  spraying  has  been  used  in  some  communities  to  eradicate 

flies  in  areas  around  buildings.  The  insecticide  is  dispersed  as  a  mist  or  fog 
by  means  of  especially  designed  blowers.  Regardless  of  the  type  of  dis- 


Fig.  99.  DDT  power  spraying  for  fly  control.  (Courtesy,  United  States  Public 
Health  Service.) 


penser,  the  goal  in  treatment  is  to  kill  that  portion  of  the  fly  population 
that  escapes  the  effects  of  residual  or  larvicidal  control  efforts.  The  results 
obtained  are  spectacular,  temporary,  and  of  doubtful  economic  justification. 
Around  poorly  maintained  dumps,  daily  spraying  may  be  necessary  to 
pioduce  good  results.  On  the  other  hand,  in  an  area  where  sanitation  is 
good  and  extreme  fly-breeding  conditions  do  not  exist,  space  spraying  may 
be  sufficient  for  outdoor  control  if  applied  once  every  two  or  three  weeks. 

Emulsions  or  solutions  containing  5  iiercent  DDT  are  the  most  com¬ 
monly  used  insecticides  in  space  spraying.  The  rate  of  application  is  about 
0.4  poumls  of  DDT  per  acre,  or,  roughly  1  gallon  of  the  5  percent  solution 
per  acre.  The  effective  range  of  most  machines  while  in  motion  is  about  200 
to  300  feet.  Choice  of  the  proper  size  of  droplet  is  important  since  over- 
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sized  particles  will  settle  out  too  rapidly  but  undersized  droplets  will  drift 
and  shift  with  slight  air  currents  making  control  of  application  difficult. 

Space  sprays  may  be  applied  by  aircraft.  The  rate  of  dosage  remains  the 
same,  i.e.,  0.4  pounds  of  DDT  per  acre,  but  it  is  sometimes  found  advan¬ 
tageous  to  use  a  20  to  30  percent  solution  to  reduce  the  weight  of  the  load 
of  DDT  to  be  carried.  Obviously,  there  are  hazards  associated  with  the 
low-level  flying  necessary  when  aircraft  application  of  sprays  is  utilized. 
Usually,  as  effective  methods  can  be  found  without  the  added  dangers  in 
the  use  of  aircraft.® 


Cockroaches 

The  cockroach,  Blatella  germanica,  (the  German  roach  or  Croton  bug), 
Blatella  oricntatis,  (oriental  cockroach),  and  the  Periplaneta  amcricana 
(American  cockroach)  is  an  ubiquitous  insect  found  in  all  parts  of  the  trop¬ 
ical  and  temperate  zones.  In  the  United  States,  the  German  roach  is  the 
most  prevalent. 

None  of  these  insects  has  been  implicated  directly  with  disease  trans¬ 
mission.  They  do  like  human  food  and  are  usually  to  be  found  in  kitchens 
and  other  places  where  food  is  prepared  or  stored.  They  seem  to  present  a 
hazard  as  mechanical  transmitters  of  disease  organisms.  Experimental 
work  has  shown  the  ability  of  the  cholera  vibrios  when  ingested  l)y  cock¬ 
roaches  to  pass  through  the  intestinal  tract  of  the  roach  and  appear  as 
viable  organisms  in  the  dejecta  of  the  insects. 

The  secretions  of  cockroaches  impart  an  unpleasant  characteristic  odor 
to  food,  often  rendering  it  unusable  with  consequent  economic  loss. 

The  domestic  roach  hides  in  cracks,  crevices,  and  in  dark  places  behind  or 
under  objects,  particularly  where  there  is  warmth.  Walls  close  to  stoves  and 
behind  sinks  are  favorite  breeding  places.  The  insects  are  nocturnal  and  so 
their  presence  may  be  missed  until  the  prevalence  becomes  high  or  until 
they  are  inadvertently  discovered.  They  eat  almost  everything  although 
starch  and  sugar  are  preferred.  Metamorphosis  is  incomplete,  the  young 
that  hatch  from  the  eggs  resemble  the  adults  except  in  size  and  color.  The 
eggs  are  arranged  in  a  capsule  which  the  female  frequently  carries  partly 
protruding  from  the  abdomen  until  shortly  before  the  eggs  hatch.  Cock¬ 
roaches  may  be  found  almost  anywhere  food  is  prepared,  handled,  or  stored 

The  best  control  is  scrupulous  cleanliness,  disposal  of  waste  scraps,  and 
storage  of  food  in  tight  containers.  Pyrcthrum,  DDT,  sodium  flouride,  am 
chlordane,  particularly  the  latter,  are  effective  insecticides.  It  is  practical 
to  spray  with  DDT  for  flies,  ants,  and  roaches,  in  one  operation  by  covering 
all  cracks  and  surfaces  known  to  be  breeding  places  of  the  insects 

The  best  procedure  is  the  treatment  of  all  cracked  surfaces  with  the  in¬ 
secticide  spray.  Stoves,  tables,  chairs,  refrigerators,  cupboards,  shelves, 
sink  drainers,  and  broken  sections  in  walls  or  ceilings  together  with  base- 
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boards  should  be  covered.  Following  the  spray  treatment,  all  hiding  places 
should  be  dusted  with  a  10  percent  powder.  The  powder  must  be  placed 
in  the  crevices.  One  application  gives  satisfactory  contiol  for  about  6 
months  even  though  reinfestation  may  occur  through  infested  supplies 
and  other  materials  brought  into  the  building  or  room. 

Sodium  fluoride  dust,  when  placed  in  cracks  and  crevices,  is  as  effective 
for  roach  control  as  DDT.  However,  it  is  lethal  to  man  and  therefoie  moie 
dangerous  to  use  around  food.  For  this  reason  DDT  or  chlordane  is  pre¬ 
ferred  in  food  handling  establishments. 

Chlordane,  dissolved  in  deobase  kerosene  or  other  organic  solvent,  is  a 
very  effective  spray  against  roaches.  It  has  been  shown  to  be  superior  to 
DDT  and  has  replaced  it  for  roach  control  in  many  instances. It  is 
known  to  be  more  toxic  than  DDT  and  should  be  used  with  care. 


Bedbugs 


Like  the  cockroach,  the  bedbug  (the  common  bedbug  Cimex  lectularius) 
has  not  been  incriminated  definitely  as  the  vector  of  any  disease.  Its  life 
habits  are  such  that  strong  suspicion  is  directed  toward  it  in  the  spread  of 
any  diseases,  the  causative  organisms  of  which  are  carried  in  the  human 
blood  stream,  and  are  known  to  be  spread  by  mechanical  transfer. 

Bedbugs  feed  on  warm-blooded  animals  and  birds.  They  are  important 
to  man  because  they  so  frequently  live  in  close  association  with  him.  Bed¬ 
bugs  are  nocturnal  and  their  presence  is  often  undetected  until  the  effects 
of  their  bites  are  noticed.  They  are  well  adjusted  to  man’s  habits  and 
are  objectionable  for  esthetic  reasons. 


Normally  these  insects  hide  in  cracks  and  crevices  in  walls,  floors  and 
furniture.  Eggs  are  laid  in  the  normal  daytime  hiding  places.  Bedbugs  go 
through  an  incomplete  metamorphosis,  i.e.  the  eggs  hatch  into  immature 
models  of  the  adults  and  are  hungry  at  birth.  The  adult  can  live  for  weeks 
without  food  but  is  sensitive  to  temperature;  many  are  killed  by  a  tempera¬ 
ture  of  100°  F.  with  high  humidities  and  become  inactive  at  60°  F.^^ 
The  advantage  of  DDT  for  bedbug  control  has  been  amply  demon¬ 
strated  and  is  now  widely  used.  It  has  replaced  cyanides  or  methyl  bromide 
fumigation.  One  treatment  with  a  residual  spray  placed  on  mattresses  and 
bedsteads  is  effective  for  at  least  a  year.^^-  The  spraying  of  theater  seats, 

railway  coaches,  cabins,  and  busses  has  eliminated  infestations  among  the 
general  public. 

The  spray  is  deposited  on  the  under  side  of  bed  rails,  in  cracks  and  crev¬ 
ices,  in  the  joints,  and  on  the  springs.  Sides  and  ends  of  mattresses  and 
pi  lows  aie  slightly  moistened.  It  is  not  necessary  to  cover  the  entire  sur¬ 
face.  Beds  may  be  occupied  3  hours  after  treatment 
In  open  barracks  the  walls  should  be  treated  to  a  height  of  5  feet  above 
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the  floor,  particular  care  being  given  to  cover  cracks  and  crevices.  In  plas¬ 
tered  rooms,  cracks  adjacent  to  the  baseboards  should  be  covered  and  if 
the  wallpaper  is  loose  the  area  behind  it  should  be  sprayed.  Smooth  sur¬ 
faces  do  not  retain  the  crystals  as  readily  as  rough  ones  and  therefore  must 
be  treated  more  frequently.^^ 

When  properly  applied  1  quart  of  spray  will  cover  250  square  feet  of  sur¬ 
face.  DDT  impregnated  resins  for  painting  are  on  the  market  as  a  replace¬ 
ment  for  spraying.  They  are  effective  in  killing  power  and  retain  their 
toxicity  for  considerable  periods.  Water  emulsions  may  be  substituted  for 
oil  spray  when  surface  staining  is  not  objectionable. 

Since  bedbugs  feed  only  once  between  moltings,  remaining  hidden  in 
remote  crevices  otherwise,  at  least  a  week  is  required  for  complete  eradica¬ 
tion.  iNIarked  reduction  in  prevalence  and  cessation  of  annoyance  occurs 
within  24  hours. 

Other  methods  of  control  were  used  before  the  introduction  of  DDT. 
Although  DDT  has  provided  a  method  simpler  and  surer  than  the  pre¬ 
viously  used  ways,  control  can  be  obtained  without  the  use  of  DDT. 
Cleanliness  is  essential  and  its  value  should  not  be  minimized  even  with 
the  use  of  DDT.  Keeping  woodwork  and  floors  painted,  then  filling  the 
cracks  in  which  bedbugs  may  hide  and  breed,  will  help  materially.  If  iron 
bedsteads  are  used  heat  can  be  used  to  good  effect  to  kill  any  form  of  the 
insect  that  may  be  present  in  springs,  crevices,  or  any  other  part  of  the 
bed.  Kerosene  can  be  applied  to  floors,  furniture,  and  crevices  in  walls  as 
an  effective  insecticide.  Needless  to  say,  suitable  precautions  should  be  used 
against  the  possibility  of  fire.  Addition  of  pyrethrum  to  the  kerosene  in¬ 
creases  the  effectiveness.  The  use  of  hydrocyanic  gas  and  methyl  bromide 
gas  for  general  fumigation  has  been  mentioned.  These  gases  are  equally 
effective  in  the  eradication  of  the  human  population,  so  fumigation  should 
be  done  only  under  the  direction  of  well-qualified  pest  control  operators. 
:^Iany  cities  prohibit  use  of  hydrocyanic  gas  or  methyl  bromide  gas  by 
other  than  licensed  fumigators. 


Fleas 

There  are  many  species  of  fleas  but  the  ones  of  importance  are  those  that 
may  infest  domestic  animals,  particularly  the  dog  and  cat  fleas  (Cfmo- 
cephalidcs  fclis  and  cams)  and  the  oriental  flea  {Xenopsylla  ^^eopi^ 
former  may  become  established  in  the  home  and  develop  m  o  a  fiist-  ate 
pest  while  the  latter  is  the  principal  vector  of  plague  and  endemic  yp  ms. 

Fleas  pass  through  a  complete  metamorphosis— egg,  larva,  pupa,  a 
adult  The  eggs  are  laid  on  the  normal  host-the  dog,  cat  rat,  or  other 

•  ,.,1— but  thev  frequently  become  dislodged  and  deposited  m  the  areas 
frequented  by  the  host.  Thus,  the  eggs  of  the  domestic  cat  or  dog  flea  may 
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be  found  in  the  cracks  of  floors  and  the  rugs  of  rooms  in  the  home.  It  is 
there  thev  hatch  and  find  food  from  the  minute  particles  of  organic  matter 
present.  The  eggs  of  the  rat  flea  hatch  in  rat  runs  and  nests,  the  larvae 
develop  and  the  pupae  pass  into  the  adult  flea  form. 

Normally  the  flea  remains  on  its  usual  host.  However,  the  newly  formed 
adult  insect  will  attach  itself  to  other  warm-blooded  animals  if  the  usual 
host  is  not  present.  The  rat  flea  seldom  leaves  the  rat  unless  it  needs  a 
better  food  supply.  Infected  rats  may  die  from  the  disease  or  for  some  other 
reason,  whereupon  the  fleas  that  have  been  living  on  the  rat  look  for  a  new 
host.  If  a  human  is  conveniently  near,  the  fleas  may  migrate  to  him. 

Dusting  household  pets  and  their  beds  with  DDT  powder  will  kill  the 
fleas  present.  Infestation  of  humans  may  also  be  eliminated  by  dusting. 
Oil  solutions  of  DDT  should  not  l)e  applied  to  animals  since  the  oil  burns 
the  skin  and  sufficient  DDT  may  be  absorbed  through  the  skin  to  produce 
sickness.  A  10  percent  powder  can  be  used  on  dogs  or  humans.  Since  cats 
lick  themselves  a  powder  containing  no  more  than  5  percent  should  be  used 
on  them.  If  homes  become  infested,  care  should  be  exercised  in  disinfesting 
any  areas  used  by  domestic  pets.  Floors  should  be  scrubbed  to  destroy  any 
eggs,  larvae,  or  pupae  present  and  to  remove  organic  matter  that  may 
serve  as  food  for  the  larvae.  Kerosene  with  DDT  or  pyrethrum  painted 
into  the  ci-acks  and  crevices  kills  all  forms  of  the  insect.  Farm  outbuildings 
and  yards  can  be  rid  of  fleas  by  spraying  with  DDT  solution  or  emulsion 
at  a  rate  of  1  quart  of  a  5  percent  solution  per  500  square  feet.®^ 

Dusting  rat  burrows  with  10  percent  DDT  powder  will  eradicate  the  flea 
population  from  the  rodents  and  will  give  a  practical  method  for  reducing 
the  spread  of  endemic  typhus  fever.'^  •  Such  dusting  should  always  be 
done  before  any  extensive  rodent  eradication,  particularly  if  endemic 
typhus  fever  is  prevalent.  The  DDT  should  be  applied  several  days  before 
the  eradication  of  rats  actually  starts,  so  that  the  rats  will  have  a  chance  to 
carry  the  powder  through  their  runs  and  nests  to  the  fleas.  Indications  are 
that  the  amount  of  DDT  picked  up  by  the  rat  is  not  sufficient  to  kill  him, 
so  that  rats  and  fleas  cannot  be  eliminated  in  one  operation. 

Lice 

The  species  of  lice  important  in  the  transmission  of  diseases  to  man  are 
the  head  and  body  louse,  Pcdiculus  humanus  capitus  and  corporis.  The 
crab  louse,  Phthirus  pubis,  although  a  filthy  insect  and  an  extreme  nuisance, 
is  not  considered  implicated  in  the  transmission  of  insect-borne  disease! 

I  he  head  and  liody  louse  are  the  vectors  for  the  spread  of  epidemic  typhus 
and  relapsing  fever. 

Lice  breed  in  the  hair  or  clotliiiig  close  to  the  body.  Eggs  are  cemented 
to  the  hair  and  are  known  as  “nits.”  They  liatch  out  into  miniatures  of  the 


372 


THE  PRACTICE  OF  SANITATION 


adult  louse  and  immediately  commence  to  feed.  They  pass  to  the  adult 
stage  through  several  molts;  it  takes  about  16  days  for  eggs  to  develop  into 
mature  forms.  Lice  are  prodigious  eaters.  Having  become  infected  with 
typhus  or  relapsing  disease,  they  become  a  hazard  to  other  humans  be¬ 
cause  of  the  disease  causative  organisms  in  their  body  fluids  and  in  their 
feces.  Human  infection  occurs  when  the  infected  feces  or  crushed  bodies  are 
rubbed  into  abrasions  in  the  skin.  Lousiness  and  poor  personal  hygiene 
generally  go  hand  in  hand. 

Typhus  and  relapsing  fever  are  dreaded  diseases  of  military  populations. 
Special  methods  have  been  developed  for  the  disinfestation  of  clothing  and 
bedding.  Efforts  are  directed  at  developing  the  best  personal  hygiene 
possible.  Good  personal  hygiene  must  be  made  possible  by  the  provision 
of  bathing  facilities,  soap,  and  hot  water.  vSome  method  should  be  available 
for  the  disinfestation  of  clothing  while  the  owners  of  the  clothing  are  bath¬ 
ing.  Heat,  if  dry,  at  140°  F.  kills  both  the  developed  insect  and  the  nits. 
Steam  sterilization  kills  all  forms  of  the  insect  and  also  sterilizes  the  clothes. 
Dry  heat  should  be  used  for  such  articles  as  leather,  rubber,  felt,  or  any 
other  items  that  would  be  adversely  affected  by  the  dampness. 

DDT  has  replaced  all  other  methods  of  disinfestation  where  the  chemical 
is  available.  It  can  be  used  by  individual  application  of  dust  from  small 
shaker  cans  or  it  can  be  dusted  en  masse  with  hand  or  power  dusters.  The 
DDT  in  the  clothing  affords  lasting  protection  unless  the  clothing  is  washed 
frequently. 

The  procedure  for  mass  dusting  is  as  follows: 

Collars,  belts  and  other  constrictive  clothing  are  loosened  to  permit  dust 
to  pass  between  layers  of  clothing  and  against  the  body.  The  head  is 
dusted  until  the  hair  appears  white  after  which  the  nozzle  of  the  duster 
is  placed  in  each  sleeve  next  to  the  skin  and  powder  blown  into  the  sleeves 
and  up  to  the  armpits.  Dusting  is  continued  until  the  powder  emerges 
from  the  loosened  collar.  The  face  is  turned  away  from  the  dust  to  avoid 


inhalation.  The  front  and  back  of  the  body  is  dusted  by  inserting  the 
nozzle  in  the  neck  band,  alternately  front  and  back,  and  directing  the 
powder  downward  over  the  body  surface.  A  similar  dusting  is  given  the 
lower  portion  of  the  body  from  the  waist  band. 

Dusting  DDT  powder  from  a  shaker  can  on  the  heads  of  school  children 
has  been  very  effective  in  eradicating  head  lice  without  the  need  for  loss 
of  school  time.  A  dust  of  10  percent  DDT  in  talc  is  used.  Since  the  powder 
is  not  an  ovicide  a  second  dusting  will  be  required  after  about  10  days. 

The  benzyl-benzoate  DDT  delousing  spray  is  an  ovicide  as  well  as  an 
insecticide  and  is  sprayed  directly  on  the  previously  washed  body.  Spray 
is  directed  to  all  parts  of  the  body  including  the  head.  The  eyes  are  pio- 
tected  by  covering  them  with  the  index  fingers  when  the  eyebrows  aie 
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treated.  Clothes  may  be  resumed  before  the  liquid  dries  and  bathing  must 
be  suspended  for  24  hours.  The  same  underclothing  should  be  worn  for  3 
days  to  prevent  reinfestation.  Usually  a  single  treatment  removes  all  lice. 

Bedding  and  clothing  may  be  deloused  by  dusting  but  for  extensive  appli¬ 
cation,  fumigation  with  methyl  bromide  is  preferable.  The  fumigating  pro¬ 
cedure  kills  lice  and  eggs  after  a  short  exposure.  The  gas  is  very  penetrat¬ 
ing,  does  not  shrink  fabrics  or  leather,  and  prior  sorting  of  clothes  or 
bedding  is  not  required.  The  fumigant  is  toxic  but  when  used  by  trained 
personnel  can  be  safely  handled  without  gas  masks.  Large  gas  tight  steel 
chambers  capable  of  withstanding  pressure  are  provided.  The  chambers 
are  filled  with  the  articles  to  be  deloused  and  methyl  bromide  is  admitted 
at  the  rate  of  9  pounds  per  1000  cubic  feet  and  retained  for  30  minutes. 
Forced  circulation  is  applied  to  distrilmte  the  gas  evenly  and  sufficient 
pressure  is  generated  to  give  quick  penetration  into  fabrics.  After  exposure 
the  chamber  is  ventilated  by  exhausting  it  through  suction  for  10  minutes. 
Clothes  are  then  removed,  shaken,  and  aired  for  5  minutes. 

Ten  percent  DDT  powder  can  also  be  used  for  disinfesting  railroad  cars, 
theater  seats,  and  other  places  of  a  similar  nature. 


liCKS 

Ticks,  in  this  country,  are  of  public  health  interest  in  restricted  areas  and 
in  diseases  that  do  not  cover  wide  areas.  However,  where  tick-borne  dis¬ 
eases  aie  pre\  alent,  protection  against  the  bites  of  ticks  becomes  important. 

Actually ,  the  life  cycle  and  nature  of  ticks  is  such  that  there  is  little  that 
can  be  done  of  a  practical  nature  to  rid  the  vast  land  expanses  of  ticks. 
Ticks  are  wild  insects  and  they  do  not  become  pests  in  the  home  except 
under  unusual  circumstances.  Many  species  of  ticks  exist,  but  the  wood 
tick,  Dermacentor  andersoni,  and  the  dog  tick,  Dermacentor  variahilis,  are  the 
vectors  of  chief  importance  in  this  country. 

Egp  of  the  tick  are  laid  on  the  ground  in  vegetation  and  it  is  here  that 
they  hatch  into  small  replicas  of  the  adult  except  that  the  adult  has  8  legs 
and  the  newly  hatched  form  ha.s  only  6.  The  young  insect  soon  attaches 
tself  to  a  warm-blooded  animal  where  it  takes  its  first  meal.  Successive 
mo  ts  are  interspersed  with  blood  meals  until  the  adult  tick  emerges.  The 
life  cycle  takes  about  a  year  for  completion. 

Despite  the  extended  life  cycle  of  the  tick,  it  has  at  least  two  other  chai- 

“Zr/ooT'Vd^  'ong";  than  a 

yeai  w  thout  food  and  it  jiasses  the  disease  organisms,  in  Rocky  Mountain 
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to  the  introduction  of  infected  ticks  into  the  household  through  domestic 
animals.  Disease  preventive  methods  are  directed  toward  these  possibilities. 

Persons  passing  through  or  working  in  tick  infested  localities  should  re¬ 
move  all  ticks  from  the  body  at  frequent  intervals.  Ticks  even  when  feed¬ 
ing  must  remain  on  a  person  for  about  4  hours  before  transmitting  infec¬ 
tions;  prompt  removal  is  therefore  the  best  prophylaxis.  A  good  routine  is 
to  strip  at  noon  and  at  the  end  of  the  day  so  that  ticks  can  be  detected  and 
removed.  Repellents  are  of  little  value  against  ticks, ^  and  DDT  has  little 
if  any  effect.  Preventive  inoculations  should  be  given  to  persons  working 
for  an  extended  period  of  time  in  a  known  tick-infested  area.  Grossly  in¬ 
fested  areas  should  be  burned  over  or  the  vegetation  should  be  clipped  to 
the  ground. 

In  localities  where  ticks  are  prevalent,  pets,  particularly  cats  and  dogs, 
should  be  routinely  freed  from  the  insects  by  mechanical  removal.  The 
ticks  must  be  removed  carefully  so  that  they  will  not  be  crushed;  it  is  im¬ 
portant  to  avoid  infection  from  fluids  in  the  insect’s  body. 


Use  of  Repellents 

Chiggers  and  other  mites  are  effectively  repelled  by  the  use  of  dimethyl 
phthalate,  indolone,  and  Rutgers  612  or  admixtures  thereof.  When  rubbed 
on  the  skin  these  repellents  are  effective  for  about  3  hours.  Liquid  soap 
dispensers  are  a  convenient  method  for  individual  distribution  where  a  large 
number  of  people  are  involved. 

Repellents  should  be  applied  to  trouser  bottoms,  socks,  and  rubbed  on 
the  legs  above  the  ankles  and  arms  above  the  wrist.  If  outdoor  sleeping  is 
practiced,  additional  coverage  should  be  given  at  the  waist  and  neck. 

Under  exceptional  conditions,  clothing  may  be  impregnated  with  repel¬ 
lents  remaining  effective  for  about  a  month  even  if  laundered  several  times. 


Mosquito  Control 

The  three  most  important  mosquito  genera  arc  the  Anopheles,  transmit¬ 
ting  malaria;  the  Aedes  transmitting  dengue  and  yellow  fever;  and  the  Cm- 
lex  transmitting  filariasis.  Only  certain  species  in  each  genus  are  involved 
in  disease  transmission.  In  addition  other  species  in  these  and  other  genera 
are  annoying  pests  in  localities  where  they  are  not  considered  disease 
vectors  Aedes  egypti,  Anopheles  macidipennis  and  quadnmaculatus  am 
cZ  IrsaUs  are  of  importance  in  tl>e  United  States.-  The  Cute  ianahs 
is  suspected  of  transmitting  arthropod-1  )orne  virus  eiicepliahtides.  Othei 
mosquitoes  that  may  be  involved  have  not  yet  been  determined. 

•V  knowledge  of  the  life  history  and  characteristics  of  tlie  mo.sqinto  is 
necessary  for  understanding  the  control  methods  that  arc  undertaken  or 
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for  evaluating  methods.  Fortunately,  the  life  cycle  of  species  in  various 
genera  is  similar  enough  to  permit  a  general  outline  with  exceptions  noted. 


Life  History 


Although  the  adult  insect  is  free  flying,  mosquito  eggs,  larvae,  and  pupae 
require  water  for  existence  and  further  development.  Egg  laying  charac¬ 
teristics  differentiate  to  a  certain  extent  between  genera.  Anopheles  eggs 
are  deposited  singly  on  water  surfaces  in  batches  of  100  or  more;  they  are 
boat  shaped,  with  a  membrane  or  float  on  each  side.  Aedes  eggs  are  de¬ 
posited  singly  on  the  sides  of  the  water  containers  just  above  the  water 
level.  Batches  of  50  or  more  are  deposited  at  one  time.  Culex  eggs  are  de¬ 
posited  on  water  surfaces  in  boat-shaped  masses  containing  several  hun¬ 
dred  eggs  cemented  together. 

Under  favorable  conditions  of  which  temperature  is  the  most  important, 
the  eggs  hatch  out  in  about  12  to  72  hours  into  the  larval  stage  of  the 
insect.  Larvae  are  active,  cylindrical  organisms  that  develop  by  molting 
in  four  different  stages  called  instars.  First  instar  larvae,  just  after  hatch¬ 
ing  are  minute  and  transparent.  After  24  hours  the  first  molt  occurs  and 
the  second  instars  emerge.  These  are  darker  and  larger  and  are  readily 
noted  in  clear  water.  The  third  and  fourth  instars  appear  in  a  few  days 
and  then  the  pupal  stage  develops.  Larvae  are  active  feeders  in  all  stages. 
They  may  grow  to  a  length  of  one-half  inch  before  passing  into  the  pupal 
stage. 


Mosquito  larvae  require  oxygen  from  the  air.  All  genera  except  the 
Anopheles  have  a  syphon  or  breathing  tube  attached  to  the  posterior  por¬ 
tion  of  the  abdomen.  The  tube  of  the  Culex  is  long  and  slender  and  that  of 
the  Aedes  short.  Larvae  attach  themselves  by  the  tip  of  the  syphon  tube  to 
the  surface  of  the  water  and  hang  downward  at  an  angle.  In  this  position 
they  obtain  air  from  the  atmosphere  and  food  from  the  water.  Since  Anoph¬ 
eles  larvae  are  without  syphon  tubes  they  lie  jiarallel  to  the  water  surface 
to  obtain  air  through  a  flat  stigmatic  opening  in  the  jiosterior  jiart  of  the 
body.  These  differences  are  excellent  characteristics  by  which  the  genera 
can  be  differentiated.  Larvae  wiggle  through  the  water  in  search  of  micro- 
oiganisms  upon  which  they  feed.  It  is  this  movement  that  gives  them 
their  common  name  of  ^Svigglers.” 


The  pupal  stage  carries  two  breathing  tubes  or  ear-like  trumpets  reach¬ 
ing  to  the  water  surface.  The  pupae  do  not  eat  lint  they  are  motile,  moving 
m  a  tumbhng-like  motion  from  wliich  tlieir  name  of  “tumbler”  originates 
us  stage  molts  liy  splitting  the  body  cover  and  the  full  grown  insect 
grama  y  emerges;  after  resting  upon  the  water  surface  until  tlie  exoskele¬ 
ton  has  hardened,  it  is  ready  for  fliglit.  The  time  from  egg  to  adult  mosquito 
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varies  with  temperature,  food  supply,  and  other  factors  but  it  usually 
takes  from  10  to  20  days. 

Male  mosquitoes  subsist  on  jilant  juices  but  the  female  is  blood  sucking, 
requiiing  a  blood  meal  before  o\opositing  occurs.  Alosquitoes  are  more  ac¬ 
tive  in  warm  humid  weather.  They  do  not  bite  at  temperatures  below  60° 
F.  The  time  of  day  when  mosquitoes  bite  varies  with  the  species,  some 
biting  in  the  evening,  some  in  daylight  and  others  at  any  time. 


Fig.  100a.  Dipping  mosquito  larvae.  (Courtesy,  United  States  Public  Health  Serv¬ 
ice.) 


Mosiiuitoes  hide  in  darkened  and  shady  places  during  the  day,  undei 
buildings,  in  crevices,  or  under  leaves.  Adult  female  mosquitoes  ma>  li\e 
3  months  but  the  normal  life  span  is  about  2  weeks. 


Identification 

Differentiation  of  genera  and  species  of  mosquitoes  is  necessary  to  de¬ 
termine  the  locations  and  types  of  breeding  places  and  to  formulate  ade¬ 
quate  control  measures.  Only  a  few  different  species  may  be  found  in  a  given 
locality  making  possible  identification  of  adults  by  the  markings  on  then 
bodies  and  by  other  morphological  characteristics.  Genencally,  larvae  can 
be  identified  by  the  position  and  nature  of  the  breathing  syphon,  but  1 1  - 
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ferentiation  of  species  requires  considerable  knowledge  and  skill  beyond 
that  of  the  average  person  involved  in  field  control  work. 

Characteristics  of  the  adult  Anopheles  mosquito  frequently  make  it 
possible  to  differentiate  it  in  the  field  from  other  genera.  At  rest  the  position 
of  the  body  is  at  an  angle  to  the  support.  The  body,  head,  thorax,  and 
abdomen,  are  in  a  straight  line,  head  downward.  The  Culex  and  Aedes 
genera  rest  with  the  abdomen  parallel  to  the  surface  and  with  a  definite 
curve  in  the  body  at  the  thorax.  Anopheles  mosquitoes  are  usually  larger 
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Fig.  100b.  Metamorphosis  of  the  mosquito 


than  the  Culex  or  Aedes  and  frequently  have  wing  markings.  Differences 
exist  in  the  palpi  of  the  females  also. 

Various  species  of  adult  mosquitoes  are  identified  by  markings  on  the 
wings  and  body  and  by  size  and  color.  Detailed  descriptions  tor  use  in  iden- 
tification  may  be  found  in  published  articles.®®  -  ®'* 

The  flight  range  of  mosquitoes  varies  considerably  and  influences  con 
hataTa'nTof  abouu  Tr‘  'inadrimaculatv^ 

has  a  seasonal  migratL  range  of  l(  ^o  K  7'  ^  freeborni 

mosquito,  with  the  aid  of  a  favorable  '  soliciians,  a  pest 

water  ba;  20  miles 

Ouito,  is  about  a  mile,  while  ^ 
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important  mosquitoes,  breeds  close  to  human  habitations  and  seldom  flies 
far  from  human  dwellings. 

The  breeding  habits  of  mosquitoes  are  sho^vn  in  Table  28. 


Control  Methods 


Prevention  of  insect-borne  diseases  may  not  necessarily  mean  complete 
programs  of  vector  eradication.  With  the  new  insecticides  and  with  de¬ 
creasing  incidences  of  some  diseases,  methods  other  than  complete  eradica¬ 
tion  may  be  cheaper,  easier,  and  as  effective.  However,  mosquitoes  have 
been  such  important  disease  vectors,  and  they  still  are  so  important  as 
nuisances,  that  mosquito  eradication  is  a  matter  of  concern. 

Before  any  control  activity  can  be  undertaken  the  nature  of  the  problem 
must  be  understood.  Disease  incidence  reports  furnish  some  help  in  such  a 
disease  as  malaria  because  it  is  well  known  that  malaria  is  transmitted  by  a 
very  few  species  of  Anopheles.  There  would  be  no  need  to  attempt  Culex 
or  Aedes  control  to  prevent  malaria. 

When  the  disease  incidence,  including  geographical  and  chronological 
occurrence  has  been  determined  the  next  task  is  an  entomological  survey 
of  the  community  to  determine  the  location  and  magnitude  of  breeding 
areas  of  those  species  known  to  have  significance  for  the  disease  of  interest. 
Adults  are  identified  from  mosquitoes  caught  in  normal  resting  places 
during  the  daytime  or  from  traps  set  at  night  to  catch  the  mosquitoes  as 
they  forage  for  food.  The  day  catching  is  usually  done  by  hand  with 
glass  tubes  into  which  the  resting  mosquito  can  be  sucked.  The  night  traps 
usually  consist  of  a  mechanical  device  including  a  light,  a  fan  for  sucking 
or  blowing  the  mosquito  into  a  chamber  containing  an  anesthetic,  and  a 
second  chamber  for  holding  the  captured  mosquito.  Other  types  of  traps 
commonly  used  are  enclosures  baited  with  a  live  animal  and  made  in  such 
a  way  that  mosquitoes  can  enter  in  their  search  for  food  but  cannot  readily 


escape.  _  ,  ,  i-  r  i.  • 

Samples  of  larvae  and  pupae  are  obtained  from  the  bodies  of  water  in 

which  these  forms  are  developing.  Since  one  of  the  best  places  to  attack  t  le 
mosquito  life  cycle  is  in  the  water  stages  (egg,  larval,  or  pupal)  the  loca¬ 
tions  of  the  breeding  places  are  important.  Since  various  mosquito  species 
have  distinct  preferences  for  breeding  places  and  for  resting  places  for 
adults,  the  task  of  obtaining  suitable  specimens  for  identification  is  simp  - 
fied  if  there  is  knowledge  of  the  probable  species  involved  in  disease  mci- 

‘^"once  the  details  of  mosquito  species  and  breeding  de¬ 

veloped  the  next  task  is  to  determine  the  metliod  that  wil  give  the  mos 
efficient  control  of  the  insect.  This  requires  entomological  knowledge 
evaluate  the  effectiveness  of  control  measures  and  engineering  training 
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prepare  and  execute  the  actual  control  measures.  Eradication  of  the  adult 
mosquito  in  nature  is  extremely  difficult  because  of  its  mobility.  1  he  adult 


TABLE  28 


Breeding  Habits  and  Biting  Characteristics  of  Common  Mosquitoes 


Genus 

Species 

Biting  Characteristics 

Breeding  Habits 

Aedes 

egypti 

Early  morning — 
late  afternoon 

Exclusively  in  cisterns,  rain 
gutters  and  other  acciden¬ 
tal  collections  of  water 
close  to  habitations. 

taenorhynchus 

Day,  shady 
places 

Salt  marshes  when  flooded 
by  rain. 

triserratus 

Daylight 

Pools  and  ponds  in  wooded 
areas. 

sollicitaus 

Daylight 

Salt  marshes. 

vexans 

Daylight 

Rain  pools  and  flood  waters. 

Culex 

quinquefasciatus 

Night 

Water  barrels,  street  gut¬ 
ters,  catch  basins  and 
ground  pools  if  polluted. 

pipiens 

Night 

Similar  to  quinquefasci¬ 
atus. 

salinarius 

Night 

Grassy  pools  with  fresh  or 
brackish  water. 

Anopheles 

albimanus 

Dusk,  night 

Pools,  swamps,  along  edges 
of  streams  where  there  is 
no  current,  also  in  arti¬ 
ficial  containers. 

barberi 

Night 

Tree  holes. 

bradleyi 

Day,  night 

Brackish  water,  salt  marsh 
pools. 

crucians 

Night,  day  in 
woods 

Fresh  water  swamps. 

maculipennis 

Day,  night 

Small,  shallow  sunlit  pools 
containing  algae. 

punctipennis 

Night 

Margin  of  flowing  streams, 
clear  cool  water. 

pseudopunctipennis 

Night 

Open  sunlit  ponds  contain¬ 
ing  vegetation. 

quadrimaculatus 

Dawn,  dusk, 
night 

Fresh  water  ponds  and 
swamps  containing  float¬ 
ing  vegetation. 

walkeri 

Day,  night 

Fresh  water  marshes  con¬ 
taining  vegetation. 

can  be  eliminated  m  restricted  areas  such  as  homes,  theaters,  and  meeting 

la  s.  It  IS  impracticable  to  try  to  eradicate  mosquitoes  from  a  large  area 

3y  killing  off  the  adult.  The  most  effective  methods  are  those  directed 
toward  the  water  life  stages. 
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Control  of  the  water  stages  of  mosquito  development  directs  attention 
to  the  egg,  larval,  or  pupal  phases  of  life.  These  forms  of  the  mosquito  can 
be  eiadicated  by  eliminating  water  bodies;  by  rendering  existing  bodies 
unsuitable  for  breeding  either  by  poisoning  the  water  or  by  agitating  it  in 
such  a  way  that  eggs,  larvae,  or  pupae  will  be  killed  or  deposited  on  the 


Fig.  101.  “Light  trap”  used  for  mosquito  catching.  (Courtesy,  United  States 
Public  Health  Service.) 


banks  of  the  stream  or  pond;  or  by  introducing  natural  enemies,  such  as 
fish,  into  the  breeding  places.  The  choice  depends  upon  many  interrelated 

fcictors. 

Since  eggs  are  relatively  inert  and  the  pupae  do  not  eat,  the  larvae  is  the 
stage  of  development  most  vulnerable  to  attack.  The  control  methods 

that  are  used  are: 

Elimination  of  breeding  places: 

1.  Draining  swamps,  marshes,  ponds,  etc. 
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2.  Filling. 

3.  Emptying  and  destroying  artificial  containers  of  water. 

4.  Training  streams  and  trimming  lake  or  pond  banks  so  that  clean 
edges  are  produced  to  eliminate  shallow,  marshy  areas  adjacent 
to  the  stream  or  lake  that  may  serve  as  mosquito  breeding  areas. 

5.  Diversion  of  stream  flow  to  prevent  swamp  or  pond  formation. 

Treating  bodies  of  water  to  render  them  unsuitable  for  breeding. 

1.  Use  of  larvicides. 

2.  Fluctuating  water  level  so  that  larvae  and  pupae  are  left  behind 
on  dry  banks  or  else  carried  into  clear  water  where  natural  enemies 
can  get  them. 

3.  Periodic  release  of  water  in  such  velocities  that  larvae  and  pupae 
are  drowned  in  the  turbulent  water  and  those  left  behind  are 
stranded  on  dry  ground. 

4.  Changing  the  vegetation  surrounding  the  water  bodies  to  give  an 
environment  contrary  to  that  desired  by  the  species  to  be  elimi¬ 
nated. 

Introdirction  of  natural  enemies. 

1.  The  use  of  small  fish. 

2.  Encouragement  of  propagation  of  certain  insects  that  may  feed  on 
mosquitoes,  either  in  the  larval  or  adult  stage. 

Drainage  is  considered  a  permanent  type  of  control.  Once  the  drainage 
system  is  installed*  it  removes  water  before  mosquitoes  can  develop,  pro¬ 
vided  the  drainage  system  has  been  properly  designed  and  installed  and 
provided  it  is  maintained  in  such  a  way  that  it  will  do  the  job  for  which  it 
was  designed  and  not  become  a  mosquito  breeding  area  itself. 

Lined,  unlined,  or  rock  filled  ditches  and  in  special  instances  sub-surface 
J-ains  are  used  to  remove  standing  water  in  mosquito  control.  Drainage 
ditches  must  be  especially  planned  and  constructed  for  the  purpose  Sur¬ 
veys  to  develop  terrain  characteristics  and  determine  the  best  type  and 
location  of  the  drainage  system  to  be  installed  are  of  vital  importance  to 
t  le  undertaking  They  must  be  made  by  well  trained,  competent  personnel 
tully  familiar  with  these  types  of  problems. 

Ditches  inust  be  uniformly  graded  and  have  a  width  to  depth  relation¬ 
ship  that  will  assure  a  steady  flow  of  water  through  them.  They  must  flow 
into  natural  creeks  or  other  bodies  of  water  and  spaced  to  drain  off  all 
water  from  the  land.  Marsh  land  along  tidal  waters  can  be  drained  brcon 
stiuction  of  a  dike,  equipped  with  a  tide  gate  which  will  permit  draiiiLe  of 
the  mai.h  at  ow  bde  but  prevent  back  flow  into  the  area  on  hi^ 

t  is  impoitant  that  the  drainage  system  carry  away  all  water  without 

potToles  ancrTh  inspections  must  lie  made  to  correct 

pot  and  other  depressions  that  may  develop  in  the  bottom  of  unlined 
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ditches.  Bottoms  should  be  narrow  and  U-shaped,  with  sloping  sides  and 
without  sharp  bends. 

The  main  (outfall)  ditch  should  be  constructed  initially  and  branches 
(laterals)  installed  when  and  where  required.  Feeder  or  lateral  ditches 
should  join  the  main  ditch  at  an  acute  angle  to  prevent  deposition  of  silt 
or  debris  and  erosion  of  the  opposite  bank  at  the  junction  point.  AMiere 
ditches  pass  througli  culverts  the  grade  should  be  increased  to  prevent 


Fig.  102.  Lined  drainage  ditch  for  mos(iuito  control.  (Courtesy,  United  states 
Public  Health  Service.) 


depositing  of  debris  and  the  outlet  side  should  be  paved  to  prevent  erosion 

of  the  bottom.  ...  , 

1,1  loose  soil,  ditches  may  be  li.ied  with  concrete,  tile,  or  hmngs  poi ued 

in  place,  rocks  cmbeikled  in  mortar  or  the  ditches  may  be  rock  1,11«1  o 
form  a  “blind”  ilitch  or  “French  drain.”  Farm  tile  drams  arc  occasionally 
used  for  short  distances.  I’recast  concrete  lining  is  now  being 
tured  in  various  “standard”  sizes.  'I'lie  ditch  lining  should  cover  t  o  ot- 
tom  and  e.vtend  up  the  side  above  the  normal  water  line.  Sod  may  lucd 

for  side  lininy:  above  the  normal  water  line.  .  r  •  +i>o 

Yearly  or  more  frequent  maintenance  must  be  given  to  eliminate  the 
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effects  of  erosion,  puddles,  or  pools  which  will  hold  water  after  runoff  hi^ 
ceased.  Removal  of  obstructions  is  constantly  necessary.  Loose  debris 
should  not  be  allowed  to  accumulate  in  any  ol  the  ditches  because  this 
reduces  their  capacity.  Large  ditches  may  require  algaecide  treatment  and 
removal  of  vegetation  that  shelters  larvae.  Sub-surface  drains,  tiles,  and 
blind  ditches  require  little  attention  but  should  be  regularly  inspected  to 
determine  if  clogging  has  occurred. 

Digging  and  lining  of  small  ditches  is  accomplished  by  hand  labor. 
Power  machinery  is  frequently  used  in  the  construction  of  large  systems. 

Permanent  elimination  of  swamps,  depressions  and  ponds  that  serve  as 
breeding  places,  by  filling  Avith  earth  or  other  material,  is  the  most  satis¬ 
factory  method  of  mosquito  control  because  it  eliminates  breeding  areas 
permanently  and  reclaims  land  for  other  uses.  It  is  impractical  for  very 
large  areas  unless  sufficient  fill  is  obtainable.  The  initial  cost  is  greater  than 
for  larviciding  or  draining  but  since  maintenance  work  is  not  required  it 
may  ultimately  be  the  cheapest  method.  Filling  usually  is  used  only  if 
large  quantities  of  filling  material  are  available  and  the  value  of  the  re¬ 
claimed  land  will  compensate  for  the  expense  of  filling.  Small  areas  may  be 
filled  manually  with  pick  and  shovel  operations.  Large  fills  are  made  with 
bulldozers,  earth  movers,  and  graders.  The  fill  must  be  finished  Avithout 
loAv  spots  that  might  later  develop  into  breeding  areas. 

The  training  of  stream  banks  and  trimming  of  the  banks  of  ponds  and 
lakes  can  be  a  small  job  that  requires  the  Avork  of  only  a  feAv  laborers  or  it 
can  be  an  undertaking  large  enough  for  heavy  construction  equipment. 


Tlie  goal  is  to  eliminate  backAvashes,  depressions,  and  marshy  places  along 
the  margins  of  the  Avater  bodies.  The  AAmrk  usually  consists  of  remoA'ing 
diit  in  some  places  and  filling  in  others.  The  results  not  only  remoA^e  pos¬ 
sible  breeding  places  but  also  give  a  much  neater  appearance  to  the  streams, 
ponds,  or  lakes.  Banks  of  streams  that  are  flooded  during  high  Avater  can 
be  built  up  to  hold  the  water  aAA'ay  from  areas  beyond  the  normal  drainage 
effect  of  the  river  and  prevent  the  development  of  breeding  areas. 

DiA^ersion  of  streams  of  water  sometimes  can  eliminate  SAvampy  areas 
and  the  danger  of  mosquito  breeding.  Land  at  the  base  of  hills  frequently 
i^s  SAvampy  due  to  the  effect  of  springs  along  the  sides,  Avhich  drain  to  the 
foot  of  the  hills.  The  overflow  from  tlie  springs  can  be  collected  into  a 
common  ditdi  and  conducted  into  a  free-floAving  stream  to  get  rid  of  the 
SAvamp  and  its  mosquito  breeding  menace. 

The  control  of  Aedes  egypti  breeding  places  results  from  the  elimination 

as  empty  cans,  old  tires,  and  blocked 
gutteis  The  inhabitants  of  tlie  community  must  be  trained  to  remove 
01  empty  all  containers  that  hold  water,  or  else  treat  the  water  so  that  it  is 
unsuitable  for  mosquito  breeding.  Water  in  fire  buckets  and  other  con- 
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tainers  must  be  treated  with  a  larvicide.  Effective  control  can  be  main¬ 
tained  only  by  the  whole-hearted  cooperation  of  all  persons  in  the  com¬ 
munity.  On  the  other  hand,  most  of  the  control  measures  are  such  that 
individual  participation  gives  excellent  results. 

The  use  of  larvicides  has  been  one  of  the  most  widely  used  methods  for 
mosquito  control.  There  are  many  advantages  of  such  a  procedure,  includ¬ 
ing  initially  cheap  operation,  quick  results,  and  mobility  of  operation.  The 
principal  disadvantage  lies  in  its  temporary  effectiveness.  This  means  that 
control  operations  must  be  carried  on  as  long  as  the  mosquitoes  exist  or  the 
presence  of  a  susceptible  population  offers  a  disease  hazard. 

DDT  has  had  great  effect  on  the  methods  used  for  mosquito  control. 
It  has  practically  eliminated  the  use  of  any  of  the  older  larvacides  such  as 
paris  green  or  crude  oil. 

Oil  solutions  should  be  applied  at  the  rate  of  0.05-0.2  pounds  of  DDT  per 
acre.  A  one  percent  solution  applied  at  this  rate  requires  only  2.5  gallons 
per  acre.  To  be  effective  the  DDT  must  reach  the  larvae;  therefore,  the 
concentration  of  the  DDT  should  be  adjusted  in  accordance  with  the  fine¬ 
ness  of  spray  used.  The  spray  must  be  applied  as  a  fine  mist  to  obtain  drift 
over  the  area  with  the  ^vind.  A  swath  50-100  feet  wide  is  good  practice 
with  hand  equipment,  using  a  fine  spray  and  depending  on  the  wind. 
Under  these  conditions  2  quarts  of  5  percent  DDT  in  oil  will  satisfactorily 
cover  1  acre  if  a  good  breeze  is  blowing.*®  Crews  can  be  trained  to  distribute 
the  larvicide  at  this  low  rate.^*  Applications  should  be  repeated  every  7-10 
days.  Heavier  dosage  may  be  used  to  obtain  an  increased  lasting  effect  but 
concentrations  greater  than  0.2  pounds  per  acre  may  kill  fish  and  harm 
wild  life.  Water  emulsions  applied  to  rain  barrels,  cans,  and  other  recep¬ 
tacles  will  give  a  prolonged  residual  effect.  Oil  solutions  are  effective  against 
all  mosquito  larvae. 

The  solution  or  emulsion  may  be  applied  by  a  drip  oiler,  scattering  im¬ 
pregnated  saw-dust  over  the  water  or  by  spraying.  Spraying  with  tank  type 
sprayers  is  the  method  of  choice. 

Very  fine  dust  containing  2  percent  of  DDT  is  also  effective  for  the 
temporary  control  of  Anopheles  larvae.  Dosage  rate  is  20  pounds  per  acre. 
It  is  usually  applied  with  a  rotary  hand  duster.  However,  one  dose  of  10 
percent  dust  at  the  rate  of  10  pounds  per  acre  will  be  effective  in  thick 
vegetation  for  three  weeks.  Dust  which  floats  on  the  water  surface  is  not 
very  efficient  against  Culex  and  Aedes  since  they  feed  below  the  water 

surf  o<C0 

The  overall  cost  of  larvlciding  with  DDT  solution  or  emulsion  is  about 
one  third  that  of  other  materials  previously  used.*’  When  breedmg  acreage 
is  extensive,  airplane  spraying  is  tiie  most  economical  larvicidal  method. 
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Fig.  103.  Applications  must  be  made  in  a  manner  to  prevent  indiscriminate 
spraying  with  subsequent  loss  of  wild  life.  Use  of  DDT  sprays  is  more 
effective  than  Paris  green  dust  since  DDT  in  this  form  is  effective  against 
all  species  of  mosquitoes  while  Paris  green  dust  does  not  kill  Culex  and 
Aedes  larvae.  DDT  applied  in  bulk  from  planes  is  cheaper  than  Paris 
green.  In  populated  regions  and  localities  of  heavy  food  or  forage  crop 
production,  dispersion  from  an  airplane  may  contaminate  the  crops  and 
kill  off  beneficial  insects.  Both  sprays  and  dusts  may  be  used. 


Fig.  103.  Airplane  spraying  of  larvicide  for  mosquito  control.  (Courtesy  United 
States  Public  Health  Service.) 


One  of  the  principal  methods  of  mosquito  control  used  in  artificial  reser¬ 
voirs  IS  the  fluctuation  of  the  water  level  in  the  reservoirs.  By  proper  con¬ 
trol  the  surface  of  the  water  can  be  allowed  to  drop  at  a  rate  fast  enough 
to  draw  larvae  and  pupae  out  of  the  vegetation  along  the  banks  into  clear 
vater  where  they  will  die  or  be  killed  by  natural  enemies.  Another  effect 
ot  the  water  level  manipulation  is  prevention  of  vegetation  along  the  mar- 
gin  o  the  water  body.  Anopheles  mosquitoes  will  not  thrive  in  clear  water. 

1  •  pupae  are  drowned  rather  readily  if  the  water  in 

which  they  live  is  agitated  sufficiently.  Under  certain  circumstances  water 
cm  be  held  behind  a  dam  for  a  period  of  several  days  and  then  suddenly 
released  into  the  stream  bed  below.  The  turbulence  of  the  water  running 
through  the  spillway  drowns  any  larvae  or  pupae  that  may  have  developed 
uring  the  period  the  .spillway  was  closed.  The  sudden  flow  of  water  ilso 
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helps  to  flush  out  any  accumulation  of  debris  collected  in  the  stream  bed 
below  the  dam.  Application  of  this  method  has  limited  possibilities  but 
where  it  can  be  used  it  is  effective. 

Many  species  of  moscpiitoes  are  particular  about  the  places  in  which 
they  l)reed.  The  clearing  of  vegetation  from  the  banks  of  bodies  of  water 
lets  in  sunlight  which  may  discourage  the  breeding  of  some  species.  Like¬ 
wise,  shading  may  prevent  other  species  from  breeding.  Knowledge  of  the 
breeding  characteristics  of  moscpiitoes  is  needed  to  utilize  this  method  of 
control.  Results  the  reverse  of  those  desired  have  been  obtained  in  some 
cases. 

The  use  of  natural  enemies  of  mosquitoes  has  been  tried  with  varying 
success.  Killifishes  have  been  used  in  salt  water  and  top  minnows  {Gamhu- 
sia)  have  been  used  in  fresh  water.  In  some  cases  the  results  have  been  quite 
satisfactory.  Gamhusia  afinis  have  been  used  in  cisterns,  and  ornamental 
ponds  or  pools.  They  are  top  feeders  and  do  not  attack  motionless  objects. 
For  this  reason  they  are  not  effective  against  some  species  of  anopheles 
larvae  which  are  characteristically  quiet  in  water.  Lily  pads  or  other  vege¬ 
tation  may  serve  as  protective  barriem  for  the  larvae  or  pupae. 

Other  supposed  mosquito  enemies,  such  as  bats,  have  been  tried  with 
little  success.  Dragonflies  are  enemies  of  mosquitoes,  the  larvae  of  the 
dragonfly  feeding  on  the  larvae  and  pupae  of  mosquitoes  and  mature 
dragonflies  feeding  on  the  adult  mosquitoes.  They  do  not  present  a  prac¬ 
tical  method  for  mosquito  control. 

Temporary  elimination  of  adult  mosquitoes  in  homes  or  outside  areas 
can  be  obtained  by  use  of  DDT  sprays,  particularly  if  some  pyrethium  is 
mixed  with  the  DDT.  Hand  sprayers  or  the  convenient  aerosol  “bombs” 
can  be  used  for  this  purpose.  No  residual  effect  is  produced  by  this  treat¬ 
ment.  Bombs  are  used  extensively  in  the  treatment  of  airplanes.  Outside 
areas  can  be  rendered  free  of  moscpiitoes  for  several  hours  by  spiaying 
vegetation  and  the  outside  of  nearby  buildings  with  a  DDT  and  pyrethrum 
mixture.  A  dosage  of  1  quart  of  5  percent  DDT  per  acre  covered  mostly 
with  grass  will  provide  protection  for  several  hours.  The  spray  should  be 


in  the  form  of  a  fine  mist  for  this  use. 

In  any  mosquito  area,  whether  or  not  disease  transmission  is  a  consi¬ 
deration,  screening  of  windows  and  doors  subsequently  treated  with  a  5 
percent  solution  of  DDT  in  a  suitable  solvent  will  be  found  an  advantage 
for  comfort  if  for  no  other  reason.  Screening  with  an  18  by  18  mesh  should 
be  used  if  all  species  of  mosquitoes  are  to  be  kept  out.  A  mesh  IG  by 
will  keep  out  many  but  it  may  not  exclude  the  Aedes  egypti.  Ihe  general 
construction  of  the  houses  should  also  be  checked  for  cracks  aioiind  win¬ 
dows  doors,  or  other  places  where  mosquitoes  can  enter.  Screening  was 
one  of  the  reliable  defensive  measures  used  against  malaria  seveial  yeai-s 
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ago.  Since  the  anopheles  mosquitoes  l)ite  at  dusk,  screened  houses  protect 
the  inhabitants  during  the  mos(iuito  biting  liours  ju-ovided  the  people  re¬ 
main  indoors. 

RAT  ERADICATION 


The  public  health  importance  of  rats  is  not  to  l)e  minimized.  They  are 
the  host  for  the  vectors  of  bubonic  plague,  endemic  typhus  fever  and  are 
the  direct  vector  of  Weibs  Disease  {Leptospirosis)  spreading  the  disease  to 
man  by  contaminating  food  and  water  with  infected  urine. 

Great  as  the  public  health  significance  of  rats  is,  because  of  disease  di¬ 
rectly  traced  to  them,  the  secondary  effects  of  these  i)arasites  on  decreased 
economic  well-being,  destruction  of  food,  and  contamination  of  food,  to  the 
point  where  it  is  not  suitable  for  human  consumption,  has  public  health 
importance.  The  economic  loss  due  to  rats  is  something  that  affects  the  life 
of  everyone.  The  value  of  food  destroyed  and  property  damaged  has 
been  estimated  at  about  $2  per  rat  for  food  destroyed  and  $20  per  rat  for 
property  damage.  Even  though  these  estimates  may  vary  as  much  as  50 
or  75  percent,  the  resulting  losses  are  tremendous.  What  is  more,  these 
are  prices  that  are  paid  annually,  a  high  penalty  to  pay  for  the  presence  of 
this  guest. 


Rats  live  under  a  wide  variety  of  conditions.  They  eat  almost  anything 
if  hungry  enough.  Zinsser^^  has  noted  that  the  brown  rat  is  particularly 
cosmopolitan,  versatile  and  of  destructive  nature.  He  states: 

“From  the  point  of  view  of  all  other  living  creatures,  the  rat  is  an  un¬ 
mitigated  nuisance  and  pest.  There  is  nothing  that  can  be  said  in  its 
favor.  It  can  live  anywhere  and  eat  anything.  It  burrows  for  itself 
when  it  has  to,  but,  when  it  can,  it  takes  over  the  habitations  of  other 
animals,  such  as  labbits,  and  kills  them  and  their  young.  It  climbs  and 
it  swims. 

It  carries  diseases  of  man  and  animals — plague,  typhus,  trichinella 
spiralis,  rat-bite  fever,  infectious  jaundice,  possibly  Trench  fever,  prob¬ 
ably  foot-and-mouth  disease  and  a  form  of  equine  “influenza.”  Its 
destructiveness  is  almost  unlimited.  Lantz,  of  the  United  States  Depart¬ 
ment  of  Agriculture,  has  made  some  approximate  estimates  of  this  as 
follows  (we  abbreviate):—  ’ 


Rats  destroy  cultivated  grain  as  seeds,  sprouts,  or  after  ripening. 

1  hey  eat  Indian  corn,  both  during  growth  and  in  the  cribs,  and  have 

been  known  to  get  away  with  lialf  of  the  crop.  A  single  rat  can  eat 
ilom  toity  to  fifty  pounds  a  year. 

They  destroy  merchandise,  both  stored  and  in  transit,  books,  leather 
lai-ness,  gloves,  cloth,  fruit,  vegetables,  peanuts,  and  so  forth 
1  he  rat  is  the  greatest  enemy  of  poultry,  killing  chicks,  young  turkeys 
ducks,  pigeons;  also  eating  enormous  numbers  of  eggs.  ' 
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Rats  destroy  wild  birds,  ducks,  woodcocks,  and  song  birds. 

1  hey  attack  bulbs,  seeds,  and  young  plants  or  flowers. 

Ihey  cause  enormous  damage  to  buildings,  by  gnawing  wood,  pipes, 
walls,  and  foundations.  ’ 

Hagenbeck  had  to  kill  three  elephants  because  the  rats  had  gnawed 
their  feet.  Rats  have  killed  young  lambs  and  gnawed  holes  in  the 
bellies  of  fat  swine. 

They  have  gnawed  holes  in  dams  and  started  floods;  they  have  bitten 
holes  in  mail  sacks  and  eaten  the  mail;  they  have  actually  caused 
famines  in  India  by  wholesale  crop  destruction  in  scant  years. 

They  have  nibbled  at  the  ears  and  noses  of  infants  in  their  cribs; 
starving  rats  once  devoured  a  man  who  entered  a  disused  coal  mine.” 

Varieties  of  Rats 

In  the  United  States  three  varieties  of  rats  of  importance  are  prevalent. 
The  most  widely  distributed  is  the  brown  rat,  also  known  as  gray,  sewer, 
barn,  wharf  or  Norway  rat  {Rattus  norvegicus) .  It  is  identified  by  its  large 
size,  blunt  head,  short  ears  and  the  fact  that  its  tail  is  shorter  than  the 
combined  length  of  its  body  and  head.  The  brown  rat  is  a  burrowing  spe¬ 
cies,  generally  nesting  in  the  ground  but  rarely  at  a  depth  exceeding  18 
inches  to  2  feet.  It  is  a  ferocious  creature,  driving  out  other  species,  and 
can  adapt  itself  to  nearly  all  conditions.  If  food  is  plentiful,  it  breeds  6  to 
10  times  a  year,  with  an  average  of  about  10  young  per  litter. 

The  black  rat  {Rattus  rattus  rattus)  has  disappeared  from  many  sections 
of  the  country  but  persists  in  some  isolated  localities.  This  species  generally 
lives  in  the  walls  of  houses  and  between  floors  and  ceilings.  It  is  recognized 
by  its  slender  body,  pointed  muzzle,  sooty  color  and  a  tail  which  is  longer 
than  the  head  and  body. 

The  third  variety  is  the  roof  rat  {Rattus  rattus  alexandrinus)  or  Alexan¬ 
drian  rat.  It  resembles  the  black  species  with  the  exception  of  its  color 
which  is  more  like  that  of  the  brown  rat,  but  more  yellowish  on  the  under¬ 
parts.  In  habits  it  simulates  the  black  rat  by  living  off  the  ground,  fre¬ 
quently  nesting  in  trees. 

Control  Measures 

Since  the  rat  is  a  versatile  creature  efforts  to  eradicate  it  must  be  directed 
in  several  ways.  There  are  three  general  types  of  control  measures  that  can 
be  taken.  At  times,  one  method  may  suffice,  but  in  most  cases  a  combina¬ 
tion  of  two  or  all  three  is  required  to  give  good  results.  These  methods  are: 

1.  Elimination  of  breeding  and  nesting  places. 

2.  Elimination  of  food  supply. 

3.  Killing. 
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Elimination  of  Breeding  and  Nesting  Places 

A  knowledge  of  the  life  habits  of  rats  is  necessary  if  best  results  are  to  be 
obtained  in  eliminating  their  usual  haunts.  The  lirown  rat  is  the  chief 
problem  in  this  country  so  its  control  is  especially  important. 

Since  the  brown  rat  nests  in  debris,  rubbish,  trash,  or  behind  partitions 
of  buildings,  double  floors  and  remote,  dark  corners,  the  elimination  of 
these  places  or  reconstruction  to  make  them  unsuitable  for  rat  harborage 


Mag'a°ine°)'  (Courtesy,  Path6„der  Ne. 


s  the  solution.  One  of  the  best  metho.ls  for  ri.kling  an  area  of  breeding 
and  nesting  places  is  plain,  ordinary  good  housekeeping.  Debris  and  rub¬ 
bish  should  be  burned  or  carted  oft  and  disposed  of  in  Lh  a  way  «, a  it 
Will  not  create  a  nuisance.  ^ 

Accumulations  of  lumber,  piping,  and  other  building  material  should  be 
sorted  over,  unwanted  parts  disposed  of,  and  the  balance  st-mkprl  o  A 

Tshiftln  "u  minimum.  The  act 

estSshlrt  '  to  prevent  their 

Elimination  or  prevention  of  nesting  and  breeding  places  in  buildings 
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rcquiies  good  housekeeping  and  good  construction  methods.  Construction 
can  be  divided  into  two  pliases — remodeling  or  constructing  the  building 
in  such  a  way  that  protected,  dark  spaces  are  rendered  inaccessible  to 
rats;  and  rendering  entire  buildings  inaccessible  to  the  rat  by  blocking  win¬ 
dows,  doorways  and  any  other  entrance  point.  This  is  commonly  called 
“rat  proofing”  or  “building  the  rat  out.”  Rat  proofing  a  building  denies  the 
rat  access  to  food  supplies.  The  simplest  method  is  to  eliminate  all  passages 


Fig.  105.  “Rat  proofing”  an  opening  with  wire  mesh.  (Courtesy,  U.  S.  Fish  and 
Wildlife  Service.) 


by  which  rats  may  enter  buildings  or  to  protect  those  openings  which  can¬ 
not  be  eliminated  in  such  a  way  that  rats  cannot  get  through  them. 

The  closure  of  external  openings  used  by  rats  for  ingress  into  buildings 
as  a  part  of  a  murine  typhus  control  program,  has  been  called  “vent  stop¬ 
page”  by  the  Georgia  Department  of  Health.-  This  consists  of  the  closure 
of  cracks  and  openings  in  walls  and  foundations  by  replacement  of  missing 
stones,  bricks  or  mortar;  screening  of  ventilators,  grills  " 

ings-  prevention  of  interior  rat  harborage  by  covering  entrance  holes 
floor;  with  sheet  metal;  repair  of  outside  and  cellar  doors;  metalhc  closur 
of  openings  through  which  pipes  penetrate;  placing  tight  metalhc  core 
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over  cellar  drains;  and  closure  of  open  vents  in  hollow  walls  by  sheet  metal 
or  bricks. 

Elimination  of  interior  rat  harborages  is  difficult  since  it  frequently  re¬ 
quires  removal  of  walls,  partitions  and  structural  members.  A  building 
protected  from  the  ingress  of  rats  can  be  rid  of  the  rodents  by  trapping  and 
poisoning.  This  may  require  several  months. 


Fig.  106.  Metal  sheathing  used  for  “rat  proofing”.  (Courtesy,  Georgia  Depart¬ 
ment  of  Public  Health.)  ‘ 


The  standard  form  of  rat  proofing  including  elimination  of  inside  harbor- 
age  can  be  included  in  new  housing  const.i  uction  at  slight  additional  cost 

Old  buildings  may  be  remodeled  at  moderate  costs.  Typical  structures  are 
shown  m  Figures  105  to  107. 


Elimination  of  Food  Supply 

..t^'’u  methods,  other  than  those  wliich 

actually  kill  the  rat,  is  to  make  life  for  the  rat  so  ilifficult  that  his  time  will 

be  spent  in  hunting  food  leaving  little  time,  energy,  or  opportunity  for  the 
lesponsi  1  ities  of  family  life.  If  living  conditions  arc  made  difficult  the 
rat  may  move  out  to  other  places  where  he  can  be  killed  more  easily.  In 
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any  event,  every  time  the  rigors  of  life  prevent  a  litter  of  young  rats  or  lead 
to  a  reduction  in  the  size  of  the  litter  or  in  the  health  of  the  young  rats,  a 
step  is  taken  toward  fewer  rats.  Efforts  toward  control  of  the  rat  food  supply 
should  not  be  stopped  because  all  sources  of  food  cannot  be  eliminated. 

So  long  as  a  food  supply  is  accessible,  rats  will  continue  to  be  an  eco¬ 
nomic  and  health  menace.  Uncovered  garbage  pails  or  scraps  of  food 
dumped  in  empty  fields  or  in  ditches  offer  sources  of  food  supply.  Careless 


Fig.  107.  Entrance  portal  for  rats  blocked  by  “vent  stoppage”.  (Courtesy,  Georgia 
Department  of  Public  Health.) 


storage  of  food  supplies  in  unprotected  buildings  is  one  of  the  most  impor¬ 
tant  sources  of  sustenance.  Such  materials  as  grain  or  flour  should  be  kept 
in  masonry,  rat-proof  rooms,  or  if  in  bags,  stored  on  racks  high  enough  from 
the  floor  and  far  enough  from  walls  to  prevent  rat  access. 

Proper  disposal  of  garbage  and  all  other  waste  food  is  essential  to  rodent 
control.  A  garbage  dump  cannot  exist  for  many  months  without  attracting 
the  brown  rat  since  the  dump  provides  abundant  food  and  a  warm  shelter. 
Farms  and  homes  in  immediate  proximity  to  disposal  areas  always  become 
infested  by  rats,  making  the  iiroblcm  of  rodent  control  one  of  serious  mag¬ 
nitude  to  both  urban  and  rural  districts.  Residents  of  suburban  areas  wit  - 
out  refuse  collection  service  usually  solve  their  garbage  disposal  problem  by 
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dumping  garbage  upon  the  nearest  avuiilalile  vacant,  area  with  the  lesultant 
development  of  a  localized  rodent  infestation.  It  is  true  that  rat  eradication 
may  be  successful  in  such  localized  areas,  but  it  will  never  permanently 
solve  the  problem  as  long  as  the  dump— and  food  supply— is  permitted  to 
exist.  The  chapter  on  waste  disposal  suggests  various  satisfactory  methods 
of  garbage  disposal.  Elimination  of  food  supplies  and  prevention  of  the 
creation  of  nesting  and  breeding  places  for  rats  are  the  chief  reasons  for 
proper  garbage  disposal. 

Direct  Killing  of  Rats 

Several  methods  are  used  in  killing  rats.  Although  one  method  may  work 
satisfactorily  for  a  period  of  time  it  is  usually  best  to  combine  two  or  more 
methods  to  meet  the  particular  circumstances  of  the  situation.  The  methods 
used  are; 

Trapping 

Poisoning 

Fumigation 

Trapping  is  the  oldest  method  of  rat  catching.  Several  types  of  traps  are 
used  but  the  standards  are  the  guillotine  or  snap  trap  and  a  No.  0  steel 
trap.  Traps  may  be  set  with  or  without  bait  in  the  runs  used  by  rats.  When 
baits  are  used,  a  piece  about  the  size  of  an  index  finger  is  necessary.  The 
type  should  be  changed  every  few  days.  Good  baits  are  bacon,  ground 
beef,  fish,  apples,  and  ground  corn.  Trajis  must  be  tended  daily  if  good 
results  are  to  be  olitained.  Dried  bait  should  be  replaced,  traps  that  have 
been  snapped  without  catching  a  prey  should  be  reset  and  all  traps  should 
be  checked  regularly.  All  traps  must  be  kept  in  good  working  order  by 
proper  oiling,  st lightening  of  trigger  and  of  jaws  as  needed,  and  remo^val 
of  any  objects  that  may  get  lodged  in  jaws  preventing  free  movement. 

Some  pointers  in  the  use  of  traps  include 

1.  Use  only  in  rat  runs. 

2.  Free  movement  of  the  jaws. 

3.  Fastening  traps  so  that  caught  rats  cannot  drag  them  into  a  nearby 
hole  or  inaccessible  place. 

4.  Blocking  runways,  after  traps  are  set  with  boards,  lioxes  or  other 

objects  so  that  rats  will  be  forced  to  use  the  run  in  which  the  traps 
are  set. 

5.  Use  of  tracking  pakUes  around  area  of  traps  to  determine  whether 
or  not  rats  are  avoiding  traps. 

6.  Two  traps  at  each  hole  or  each  end  of  a  run. 

7.  Camouflage  of  traps  with  dust  or  torn  paper  if  rats  appear  to  be 
circling  them. 

Much  argument  has  centered  around  the  question  of  whether  or  not  the 
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smell  of  humans  frightens  the  rats  from  traps.  The  consensus  is  that  with 
human  smell  all  around  the  runs,  holes,  and  food  supply,  there  is  no  dis- 
ad\  antage  in  piesence  of  human  odor  on  the  traps.  Itats  become  suspicious 
readily  so  any  trapping  program  should  be  put  on  with  a  generous  number 
of  traps.  It  is  probable  that  rats  will  avoid  the  traps  after  the  first  few 
nights.  In  locations  subject  to  occasional  intrusion  of  a  single  or  small 
number  of  rats,  traps  can  be  set  regularly  in  the  hope  of  catching  stray 
animals. 


Fig.  108.  Poison  bait  inserted  in  permanent  bo.x  located  in  steam  tunnel  used  as 
rat  runway.  (Courtesy,  U.  S.  bish  and  Wildlife  Service.) 


Poisoning  is  the  principal  method  used  for  freeing  warehouses,  business 
establishments,  and  other  places  subject  to  rat  infestation.  The  procedures 
require  careful  planning  and  execution  for  successful  results.  As  with  traps, 
rats  become  frightened  of  baits  and  avoid  them  after  several  mg  its. 

Poisoned  baits  are  placed  near  runs  and  other  places  frequented  by  the 
rats.  Frequently,  the  normal  food  supply  can  be  used  as  the  bait,  provided 
the  poisoned  material  can  be  placed  about  without  danger  of  its  contam¬ 
inating  human  food.  Many  more  baits  than  will  be  taken  in  any  one  night 
are  more  effective  than  a  few.  The  more  complete  the  kill  on  the  fii-st  fe^^ 
baitings,  the  better  the  chances  of  ridding  the  premises  completely. 
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Red  squill  (Urginea  maritima),  ANTU  {alphanapthyl  thiourea),  1080 
{sodium  fluoroacctate) ,  and  thallium  sulfate  are  the  poisons  of  choice  in 
eradication  campaigns.  Zinc  phosphide  and  arsenic  trioxide  arc  also  used 
frequently. 

Red  squill  may  be  considered  the  least  jioisonous  of  this  group  since 
household  pets  refuse  to  eat  it  and  vomit  if  they  do  ingest  it.  A^TU  is 
not  effective  against  black  rats  and  should  be  considered  as  specific  for  the 
brovm  (Norway)  rat.  It  is  to.xic  to  household  pets.  Thallium  sulfate  and 
1080  are  soluble  in  water,  without  odor  and  taste  and  are  extremely  toxic 
to  all  animals,  including  man,  with  minute  dosage  having  letlial  effects.®^ 
They  are  very  dangerous  and  should  be  used  only  by  careful,  expert  special¬ 
ists.^®  The  relative  toxicity  of  various  poisons  is  illustrated  in  Table  29. 


T.4BLE  29 


Toxicity  to  Man  of  Rodent  Bait  Prepared  with  Common  Rodenticides* 


Poison 

Concentration  in  Bait 

1  part  in 

Ounces  of  Bait  Lethal  For 
150  Pound  Man 

.4rsenious  acid . 

33  parts 

0.12-1.22 

Strychnine . 

320 

0.8 

lOSO . 

256 

3.15 

Thallium  sulfate . 

65 

3.2 

Zinc  phosphide . 

50 

4.9 

Barium  carbonate . 

5 

9.9 

ANTU . 

20 

Many 

Red  squill . 

10 

Many 

*  Ward,  Justus  C.,  Amer.  J.  Pub.  Health,  36:  1427  (1946). 


A  new  rodenticide.  Warfarin,  has  been  developed.  It  is  3-(alpha-acetonyl- 
benzyl)4-hydroxycoumarin.  It  is  slightly  soluble  in  water  and  is  effective 
for  Norway  rats  and  mice  when  placed  in  torpedo  baits.  Single  baiting  is 
not  effective  and  several  feedings  are  required  for  a  lethal  dose.  It  is  toxic 
to  humans  and  warm  blooded  animals  but  due  to  the  low  concentration 
used,  0.025  percent,  there  is  a  minimum  of  hazard  to  domestic  pets.  It  is 
dangerous  when  used  in  higher  doses. 

Poisoned  baits  of  various  materials  arc  satisfactory.  Fresh  beet  pork 
lorse  meat  bacon,  fats,  lungs  and  tankage,  fresh  and  canned  fish  and  fish 
meal,  rolled  oats,  cracked  wheat,  coin  meal,  bran  and  bread,  apples,  bana- 

nnmnlTn  «'■  "'"te  potatoes,  tomatoes,  watermelon, 

pumpkin  and  cabbage,  peanut  butter,  prepared  dry  dog  food,  seeds  and 

wiZhe  d^  r 

whh  the  bait!  P“*“" 

th  baits  in  concentrations  shown  in  Table  29.  The  rodenticide  is 
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worked  into  soft  baits  or  sprinkled  over  hard  foods.  Portions  of  soft  baits 
about  the  size  of  a  marble  are  wrapped  in  paper  to  form  “torpedoes”  and 
then  are  placed  in  rat  runs,  along  walls,  in  dark  corners,  burrows  and  other 
infested  places.  The  type  of  bait  must  be  changed,  should  the  initial  bait 
be  uneaten.  1  he  bait  must  be  distributed  in  the  evening  to  assure  fresh¬ 
ness  during  the  night.  1  neaten  liait  must  be  promptly  removed  the  next 
day.  Pre-baiting  is  desirable  in  any  large  scale  poisoning  program.  This 
consists  of  the  use  of  unpoisoned  material  lor  several  nights  prior  to  the 
placement  of  the  poison.  As  soon  as  a  good  portion  of  the  unpoisoned  baits 
is  taken  the  poisoned  ones  can  be  set  out.  Water  solutions  of  1080  have  been 
successfully  utilized  to  kill  rats  on  vessels  and  in  warehouses  as  a  replace¬ 
ment  for  fumigation. Use  of  1080  must  lie  done  under  expert  supervision. 
There  is  no  antidote  for  the  poison  1080!  Humans  have  been  killed  through 
the  careless  or  improper  use  of  it. 

The  carcasses  of  killed  rats  should  be  collected  and  destroyed  daily.  If 
tyjihus  or  plague  is  prevalent  care  should  be  exercised  to  protect  the  per¬ 
sons  handling  the  dead  animals  against  bites  of  fleas  that  may  be  on  the 
carcasses.  Rats  killed  with  1080  must  be  disposed  of  with  care.  This  jioison 
is  so  toxic  that  death  has  resulted  in  hogs  that  have  eaten  rats  killed  with 


it. 

Fumigation  is  a  specialized  method  of  rat  eradication  that  has  its  place 
in  certain  circumstances,  although  with  the  widespread  use  ol  ANdP  and 
the  availaliility  of  1080  this  method  is  not  used  as  often  as  it  once  was. 
Fumigation  is  particularly  useful  arountl  warehouses  with  heavy  infesta¬ 
tion  when  a  (piick  kill  is  desired.  It  is  also  used  in  dumps  where  the  ready 
availability  of  food  makes  poisoning  difficult. 

Plydrocyanic  acid  gas  is  the  chief  fumigant  used.  Calcium  cyanide  is 
dusted  into  rat  burrows  or  into  other  confined  spaces.  The  moisture  of  the 
atmosphere  combines  with  the  powder  to  release  hydrocyanic  acid  gas, 
which  is  rapidly  lethal  to  all  animals,  including  man.  Special  cellulose  discs 
impregnated  with  the  gas  and  sold  under  the  name  of  “Discoids”  provide  a 
convenient  method  for  fumigating  warehouses  and  other  large  buildings  or 
rooms  that  can  be  closed  against  air  circulation.  The  discoids  are  shipped 
in  sealed  metal  cans.  When  the  warehouse  or  room  has  been  prepared  for 
fumigation,  windows  closed  and  sealed,  all  but  the  final  exit  door  locked 
and  sealed,  idles  of  materials  pulled  apart,  doors  to  closets  or  smaller  rooms 
opened  and  warning  signs  put  up  outside  the  warehouse,  the  fumigator, 
eciuipped  with  gas  mask,  starts  at  the  end  of  the  rciom  larthest  from  the 
door.  As  he  walks  back  toward  the  door  he  tosses  individual  discoids  on 
either  side,  the  number  depending  upon  the  volume  of  the  room  or  ware- 
house  to  1.0  fumigatcl.  When  he  reaclies  the  door  l.e  closes  it 
The  building  is  kept  sealed  and  guarded  for  at  least  4  hours  and  then  .s 
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opened  again  l)y  persons  wearing  gas  masks.  After  the  building  has  been 
well  ventilated  occnpancy  is  again  permitted.  Test  papers  are  available  to 
indicate  the  presence  or  absence  of  any  gas. 

Fumigation  gives  good  results  in  a  very  short  time.  It  is  a  dangerous  i)roc- 
ess  and  should  be  allowed  only  under  permit  and  by  fully  trained  indi¬ 
viduals. 


Fig.  10!L  Applying  cyanogas  to  rat  burrows  in  a  city  dump.  (Courtesy  American 
Cyanamul  Co.) 


Methyl  bromide,  sulphur  dioxide,  and  carbon  monoxide  have  been  u.sed 
lor  fumigation.  All  of  them  are  lethal  to  man. 


Community  Organization  for  Kat  Eradication 

Before  any  community  rat  eradication  program  is  undertaken  the  public 
shouk  be  advised  of  the  plans  and  a  procedure  outlined  for  the  participa- 

hat  fact  sliou  d  l,e  explained  will,  emphasis  „„  the  extent  of  the  daiio-e,-  to 
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Communicable  disease  reports  will  sometimes  give  an  indication  of  the 
pie  valence  of  rats,  particularly  those  that  may  be  harboring  disease  or¬ 
ganisms.  Otherwise,  surveys  must  be  conducted  to  locate  the  parts  of  town 
lequiring  eradication,  dhe  business  sections  and  any  areas  where  food 
storage  or  preparation  is  carried  on  are  almost  sure  to  be  infested.  Areas 
of  old  tenements  or  dilapidated  buildings  and  neighborhoods  adjacent  to 
dumps  are  other  susceptible  locations.  In  general,  the  better  the  sanitation 
of  the  neighborhood,  the  less  likelihood  there  is  of  rat  infestation.  Trained 
observers  can  not  only  detect  locations  of  infestation  but  also  arrive  at  a 
good  estimate  of  the  number  of  rats  present. 

A  map  of  the  infested  areas  should  be  prepared  and  centers  of  infesta¬ 
tion  noted.  An  outline  should  be  prepared  of  the  places  to  be  attacked  first 
and  those  for  later  treatment.  Plans  should  also  be  made  for  the  type  of 
eradication  to  be  done.  Rat-proofing  and  building  rats  out  of  buildings  is  a 
slow  procedure  that  should  be  planned  for  long  range  operation.  Methods  of 
municipal  financing  may  be  necessary.  Coordination  with  the  department 
of  sanitation  can  frequently  lead  to  improvement  in  garbage  collection 
and  disposal  practices.  The  housing  or  building  department  should  be  asked 
to  cooperate  by  instituting  needed  repairs  to  buildings.  If  proper  prepara¬ 
tions  are  made  many  groups  of  citizens  will  probably  volunteer  their  serv¬ 
ices.  They  can  be  used  to  advantage  with  a  small  amount  of  instruction. 
Needless  to  say  the  person  in  charge  of  the  whole  program  should  be  a 
trained  sanitary  engineer  or  entomologist. 


A  procedure  for  rat  eradication  using  ANTU  in  ground  corn  meal  was 
developed  in  an  eastern  city  in  1945.“  Some  5,574  blocks  or  82  percent  of 
the  residential  section  was  treated  with  the  poison.  The  survey  disclosed 
that  an  area  bounded  by  four  city  blocks  is  sufficiently  isolated  in  relation 
to  rat  population  to  be  useful  as  a  unit  in  eradication  operations.  Pre¬ 
baiting  was  not  practiced  and  kills  of  85—95  percent  ^\ele  commonly  ob¬ 
tained.  Under  these  conditions  it  was  found  that  the  aveiage  city  block 
reaches  a  rat  population  replacement  of  58  percent  in  1  year  and  complete 
replacement  in  22  months.^^  It  is  apparent  that  yearly  campaigns  are  re¬ 
quired  to  keep  the  rat  density  below  saturation  level  and  it  is  questionable 
if  of  economic  value.  The  money  spent  to  rat  proof  structures  is  a  sound 
investment  and  does  not  require  repetition  year  after  year.  Expenditure  of 
public  funds  for  this  work  could  probably  be  justified  in  some  commun¬ 
ities.  In  others,  a  revolving  fund  might  be  established  so  that  the  munici- 
palitv  could  perform  the  needed  rat-stoppage  on  private  property  and  then 
bill  the  owner  for  compensation.  Payment  for  work  would  keep  the  re¬ 
volving  fund  solvent.  Too  much  emphasis  cannot  be  placed  on  the  need 
for  increased  community  interest  in  rat  control  measures.  A  city  offers 
numerous  haunts  where  rats,  in  close  association  with  man,  find  suitab 
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protection  for  breeding.  Even  though  some  buildings  may  be  rat-proof 
as  to  walls  and  foundations,  carelessness  on  the  part  of  occupants  or  owners 
often  results  in  rat  infestation.  Methods  of  rat  control  are  relatively  simple. 
But  so  long  as  community  interest  lags,  the  rat  will  continue  its  depredation 
on  food  and  other  merchandise,  in  addition  to  being  a  health  nuisance. 
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Chapter  XIV 

ADMINISTRATION  OF  SANITATION  PROGRAMS 


It  seems  unnecessary  to  dwell  on  the  need  in  any  health  department  for 
properly  trained  staff  members  competent  to  deal  with  all  phases  of  en¬ 
vironmental  sanitation.  The  desirable  minimum  functions  of  a  health  de¬ 
partment  have  been  outlined  by  the  American  Public  Health  Association 
as  ’  ® 

Vital  Statistics 
Sanitation 

Communicable  Disease  Control 
Laboratory  Service 
Maternal  and  Child  Health 
Health  Education 


SCOPE  OF  SANITATION  PROGRAMS 


Public  health  programs  have  grown  without  any  carefully  prearranged 
formula  and  the  development  of  sanitation  activities  has  been  dictated  to 
a  very  great  extent  by  the  pressures  of  existing  problems  and  hazards 
rather  than  by  long  range  planning.  Not  only  does  the  content  of  a  sani¬ 
tation  program  vary  but  the  division  in  the  health  department  responsible 
for  conducting  various  parts  of  the  program  is  far  from  uniform.  It  is  not 
uncommon  to  find  responsibilities  for  certain  sanitation  activities  in  de¬ 
partments  other  than  the  public  health. 

There  is  no  reason  to  suggest  that  all  health  departments  should  follow 
the  same  sanitation  activity  pattern,  either  in  regard  to  the  details  included 


or  the  administrative  organization.  Public  health  programs,  being  official 
activities,  must  depend  upon  public  funds  for  their  support.  This  limitation 
dictates  the  scope  and  size  of  every  part  of  the  plan.  In  any  specific  com¬ 
munity  the  factors  included  in  a  sanitation  program  reflect  the  desires, 
expeiiences,  and  needs  of  that  group  of  people. 

The  Committee  on  Administrative  Practice,  American  Public  Health 
Association,  }ias  prepared  a  device  for  measuring  the  quality  of  a  sanitation 
program  as  it  is  conducted  in  any  community.  The  important  headings  of 
Ins  Sanitation  Evaluation  Seheilule"  outline  l,y  inference  the  factors 
tor  which  good  coverage  is  necessary.  They  are:® 


Organization  and  Supervision  of  the  Division 
Water  Supply 
Milk  Supply 
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Food  Control 

Domestic  and  Industrial  Wastes 
Insects  and  Rodents 
Swimming  Pools 
Camp  and  Picnic  Grounds 
Housing 

School  Sanitation 
Solid  Wastes 
Industrial  Sanitation 
Sanitation  of  Occupied  Buildings 
Nuisance  Control 

Community  Education  in  Sanitation 
This  outline  is  not  presented  to  imply  that  every  health  department  or 
other  governmental  agency  must  have  a  detailed  plan  for  each  section. 
Rather,  it  is  intended  to  show  what  parts  of  community  life  are  of  impor¬ 
tance  to  the  sanitation  program. 

The  schedule  was  published  in  1948.  Since  then  several  other  activities 
have  grown  in  importance.  To  the  list  can  be  added: 

Air  pollution 

Accident  prevention  in  the  home 
Disposal  of  radio  active  wastes 

However,  no  list  can  be  made  comprehensive  enough  to  cover  all  situations. 
Programs  will  change,  dropping  some  activities,  adding  new  ones  and  shift¬ 
ing  attention  from  one  to  another. 

Although  these  activities  normally  are  functions  of  the  health  department 
any  one  of  them  may  be  conducted  by  some  other  branch  of  government. 
Under  these  conditions  the  health  department  should  be  reasonably  con¬ 
versant  with  what  is  being  done  by  other  departments.  The  importance  of 
any  item  will  decide  to  a  certain  extent  whether  it  should  be  grouped  with 
others  and  handled  as  a  composite  program  or  whether  it  should  be  oper¬ 
ated  independently. 

In  summarizing  the  scope  of  the  sanitation  programs  the  following  points 
should  be  emphasized: 

1.  Communities  will  not  necessarily  have  the  same  program. 

2.  Whatever  program  is  accepted  must  be  a  reflection  of  local  needs, 

desires  and  capabilities. 

3.  The  program  will  be  dynamic,  varying  with  the  changing  needs,  de¬ 

sires  and  capability  of  the  community. 

4.  Where  the  health  department  does  not  have  direct  responsibility  for 

the  supervision  of  sanitation  activities  it  must  assist  and  advise  the 
departments  that  are  responsible. 
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ORGANIZATION  OF  THE  SANITATION  SERVICE 

Variations  in  tliG  scope  of  environmental  sanitation  programs  are  re¬ 
flected  in  the  methods  of  organization  but  some  general  concepts  are  funda¬ 
mental.  Whatever  the  elements  incorporated  in  any  health  department 
program,  all  of  the  sanitation  activities  should  be  under  the  same  division 
and  under  the  same  administrator. 

The  administrator  of  the  sanitation  program  should  serve  as  the  direct 
consultant  to  the  health  officer  on  all  matters  dealing  with  the  field.  Sani¬ 
tation  problems  do  not  group  well  with  any  of  the  other  major  divisions  of 
the  health  department.  Coordination  between  different  divisions  can  be 
obtained  through  an  advisory  council  of  division  heads. 

The  chief  of  the  sanitation  division  should  be  on  a  par  with  other  division 
chiefs  and  given  a  free  hand  to  administer  his  division.  Some  health  officers 
have  placed  sanitation  under  the  chief  of  another  specialty.  Usually  the 
chief  does  not  have  the  knowledge  required  to  conduct  a  good  program  in 
both  fields  with  a  resultant  slighting  of  the  least  knoMm  field.  Obviously, 
the  staff  of  a  small  health  department  may  not  be  large  enough  to  provide 
for  professional  personnel  at  the  head  of  every  division.  Under  these  condi¬ 
tions  the  person  responsible  for  sanitation  should  have  professional  back¬ 
ground.  Large  health  departments  with  comprehensive  programs,  will 
require  further  subdivision  of  the  work  which  may  include: 


Water  and  Sewage 
Milk  and  Food 
Insect  and  Rodent  Control 
General  Sanitation 


As  the  specialization  of  the  division  develops,  these  subdivisions  may  be 
expanded  to  cover: 


Stream  Pollution 


Milk  and  Dairy  Products 
Restaurants 


Housing 


No  specific  statement  can  be  made  concerning  the  number  of  sections 
that  should  be  formed  nor  can  a  rule  be  given  for  dividing  a  section  into 
specialties.  The  peculiarities  of  each  situation  must  be  considered.  It  is 
probable  that  as  new  sections  are  organized  one  person  may  supervise  two 
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piesent  to  the  health  officer  the  complete  program  and  section  heads  should 
formulate  programs  for  the  specialties. 

Personnel 

One  of  the  greatest  advances  made  in  public  health  in  recent  years  has 
been  the  establishment  of  professional  requirements  for  responsible  posi¬ 
tions  in  health  departments.  One  of  the  objects  of  every  administrator 
should  be  the  improvement  of  the  professional  standard  of  his  staff  l)y  care¬ 
ful  selection  of  (jualified  individuals  and  by  furnishing  opportunity  for  those 
persons  to  receive  turther  training.  Selection  of  personnel  should  be  made 
on  the  basis  of  merit,  including  education,  experience  and  personal  quali¬ 
fications. 


Specialties  Fiequired 

» 

\'ery  large  sanitation  divisions  require  specialists  according  to  the  scope 
of  the  program  undertaken.  The  Committee  on  Professional  Education 
of  the  American  Public  Health  Association  has  recommended  educational 
qualifications  for  public  health  (sanitary)  engineers.'^  These  call  for  a  basic 
college  training  with  graduation  in  a  sanitary  engineering  course  or  in  that 
option  of  the  civil  or  chemical  engineering  curriculum.  Following  this 
basic  preparation  graduate  work  should  be  undertaken  in  engineering  or 
puVdic  health.  Graduate  work  may  be  taken  after  several  years  of  health 
department  experience.  In  these  recommendations  educational  qualifica¬ 
tions  are  augmented  with  experience  as  follows: 

Grade  I —  No  experience  required. 

Grade  II —  At  least  1  year  of  suitable  experience  in  sanitary  engineer¬ 
ing  under  competent  supervision. 

Grade  III— At  least  2  years  of  suitable  experience  in  sanitary  engineer¬ 
ing  work  in  a  grade  comparable  to  Grade  II,  of  which  at 
least  1  year  must  be  in  public  health.  (Total  3  years  sani¬ 
tary  engineering,  1  year  in  public  health.) 

Grade  IV— At  least  2  years  of  sanitary  engineering  experience  in  a  grade 
comparable  to  Grade  III  of  which  at  least  2  years  must  be 
in  a  responsible  position  in  public  health.  (Total  5  years 
sanitary  engineering,  3  years  in  public  health.) 

Grade  ^  —  At  least  5  years  of  sanitary  engineering  experience  in  a  grade 
comparable  to  Grade  IV,  of  which  at  least  5  yeais  must  be 
in  a  responsible  position  in  public  health.  (lotal  10  yeais 
sanitary  engineering,  5  years  in  public  health.) 

The  recommendations  also  specify  that  the  educational  training  for  all 
grades  should  satisfy  the  academic  rcciuirements  for  admission  to  examina¬ 
tion  for  license  to  jiractice  engineering  in  the  state. 
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A  second  category  of  professional  personnel  is  the  numerous  sanitation 
workers  who  are  not  engineers  but  who  (pialify  as  professional  persons. 
These  usually  fall  in  the  group  called  “sanitarian.”  They  are  persons  with 
college  training  in  such  specialties  as  animal  husbandry,  daily  industiy , 
entomology,  veterinary  medicine,  food  processing,  and  other  specialties 
related  to  public  health.  They  are  a  part  of  the  professional  staff.  Definite 
health  department  cpialifications  have  not  been  established  but  experience 
with  a  public  health  agency  and  formal  graduate  work  in  public  health  or 
the  application  of  the  specialty  to  health  problems  should  be  considered  as 
basic  training.  Drades  of  experience  based  on  length  and  type  of  service 
similar  to  those  established  for  engineers  should  be  utilized  as  cpialifying 
individuals  for  progressively  important  positions. 

A  second  kind  of  “sanitarian”  is  being  employed  on  health  department 
staffs.  This  individual  has  a  college  degree  but  does  not  have  specialization 
in  any  specific  field.  He  has,  rather,  a  training  of  limited  extent  in  many  of 
the  sciences  of  importance  to  public  health.  Many  persons  so  trained  are 
performing  in  an  excellent  manner  in  health  departments,  indicating  a 
permanent  need  for  this  type  of  training.  To  be  fully  qualified  for  profes¬ 
sional  standing  the  individual  should  have  further  graduate  work  in  public 
health. 

Another  group  of  employees  used  in  the  sanitation  fiekl  is  composed  of 
persons  lacking  formal  college  training.  Some  individuals  may  have  com¬ 
pleted  ])art  of  a  college  course  but  many  have  not  gone  beyond  high  school. 
Health  department  experience  indicates  that  there  is  a  place  for  these  em¬ 
ployees  in  performing  routine  restaurant  inspections,  insect  and  rodent 
control  eradication  iirograms  and  other  work  that  does  not  require  a  high 
degree  ot  technical  knowledge.  Initial  careful  selection  and  inservice  train¬ 
ing  with  supervised  experience  should  qualify  the  indi\'idual  for  important 
subordinate  positions.  Dnly  unusual  persons  should  be  considered  as  suita¬ 
ble  for  positions  requiring  professional  status. 

Selection  of  Administrators 

The  health  officer  must  decide  in  which  specialty  the  sanitation  adminis¬ 
trator  should  cpiality.  Local  circumstances  must  be  considered  but  there 
are  some  general  criteria: 

1.  ihe  person  selected  must  have  administrative  and  professional  ability. 

2.  He  should  have  recognized  professional  standing  in  the  community 

and  among  other  professions. 

3.  He  should  be  in  a  iiosition  to  call  upon  the  support  of  other  profes¬ 

sional  groujis  tor  advice  and  active  support. 

Since  engineeiing  factois  are  involvcnl  in  the  solution  of  many  sanitation 
p.  ol>lems  an  engineer  is  tlic  logical  choice  to  heail  this  ilivision.  State  license 
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laws  require  that  many  activities  dealing  with  water  supply,  sewage  dis¬ 
posal  control  of  air  pollution,  and  stream  pollution  abatement  be  con¬ 
ducted  by  registered  engineers.  The  training  of  engineers  makes  them 
particularly  competent  for  administration  problems. 

Chiefs  of  sections  in  the  sanitation  division  should  be  selected  for  ad¬ 
ministrative  competence  and  for  ability  in  their  particular  field. 

P ersonnel  Requirements 

The  number  of  persons  required  for  sanitation  services  has  been  esti¬ 
mated  by  se\eral  administrators,  dhe  most  comprehensive  study  was  made 
by  Emerson.®  In  this  study  it  is  estimated  that  an  engineer  is  needed  in  each 
local  health  unit  of  50,000  or  more  persons.  Small  health  departments  may 
not  have  budgets  that  will  permit  the  employment  of  an  engineer.  Under 
these  circumstances  adequate  supervision  would  be  provided  by  engineering 
services  from  a  higher  level  of  government  such  as  country,  district  or  state. 
The  total  sanitation  personnel  (engineers,  other  professional  personnel  and 
sub-professional  persons)  average  about  1  per  25,000  population  as  a  mini¬ 
mum.  Programs  that  include  more  than  basic  coverage  require  a  larger 
staff.  Objection  has  been  made  to  these  figures  because  of  the  method  of 
estimating.  Gross  population  apparently  does  not  provide  a  suitable  method 
for  computing  personnel  needs.  The  scope  of  programs,  effect  of  geographi¬ 
cal  and  climatological  factors  and  other  characteristics  of  the  community 
have  an  important  bearing  on  the  number  of  persons  needed. 

Board®  has  studied  the  distribution  of  food  estal^lishments  in  communities 
of  various  sizes.  The  results  indicate  that  population  bases  are  not  suitable 
for  determining  staff  size  to  cover  the  food  sanitation  program.  Similar 
studies  would  probably  show  the  same  lack  of  correlation  between  popula¬ 
tion  and  other  features  of  a  sanitation  program.  Using  data  from  the  U.  S. 
Census  Reports,  1940,  Board  found  that  in  92  cities  with  a  population  of 
100,000  or  more  the  number  of  all  food  establishments  varied  from  55.5  to 
5.2  per  1,000  population.  Wlien  only  eating  and  drinking  establishments 
were  considered  the  spread  in  the  same  92  cities  with  populations  over 
100,000  was  22.0  to  1.7  per  1,000  population. 

Another  method  of  estimating  personnel  needs  has  also  been  used.  It  is 
based  upon  a  time  analysis  of  the  specific  activities  to  be  peifoimed  such  as 
inspections,  conferences  and  study  of  problems,  and  the  frequency  of  per¬ 
formance.  With  this  method  an  inventory  is  made  of  the  different  activities 
that  are  to  be  covered  and  an  administrative  decision  is  made  as  to  the 
frequency  of  participation.  On  the  basis  of  this  information  the  number  of 
man  hours  necessary  can  be  computed  and  translated  into  men  working  on 
a  yearly  basis.  An  example  will  serve  to  illustrate  the  method: 

Poole  computed  the  number  of  engineers  required  for  district  offices 
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in  Indiana  by  first  estimating  the  work  load.  A  few  items  in  the  computa¬ 
tion  showed: 


Man  Days  Per 
Year 


Facility  Units  X  K 

Tourist  camps .  221  X  3/5 

Schools .  ^ 

Swimming  Pools .  X  3/4 

County  Fair  Grounds .  22  X  1 

Promotion  of  Ordinances .  41  X  1 

<(K>>_Numerator  is  number  of  inspections  or  participations  per  year;  denom¬ 
inator  is  number  made  in  1  day.  Thus  3/5  indicates  the  operation  will 
be  performed  thrice  yearly  for  each  unit  and  5  units  can  be  done  in  1 
day. 


133 

350 

15 

22 

41 


In  all,  25  different  activities  gave  a  total  man  days  (field  work)  of 
1679.  Assuming  that  75  percent  of  engineering  time  was  spent  in  the  field 
this  gives  a  total  man  day  requirement  of  2240.  On  the  basis  of  250  work 
days  per  year  per  man  the  estimated  man  power  was  9  persons. 

A  third  method  is  being  studied  by  the  Michigan  Association  of  Sani¬ 
tarians.®  A  record  of  the  time  spent  in  performing  various  functions  by 
several  sanitarians  in  Michigan  was  made  using  a  special  record  form. 
Provision  Avas  made  for  including  the  time  of  travel  required  and  certain 
other  activities  Avere  shoAvm  by  using  proper  code  numbers.  Analysis  of 
the  data  collected  should  furnish  ATxluable  aid  for  administrators  Avho  must 
compute  manpoAver  needs  for  immediate  or  future  requirements. 

Usually  the  problem  Avill  not  be  to  determine  AAdiether  15  or  18  men  are 
needed  but  to  try  to  get  at  least  one  man  for  A\"ork  that  A^ery  obviously 
needs  to  be  done.  Should  it  be  necessary  to  analyze  manpoAA'er  needs  to 
substantiate  requests  for  funds,  the  best  method  at  present  Avould  be  one 
similar  to  that  used  by  Poole. 


PROGRAM  OF  THE  SANITATION  DIVISION 

The  health  officer  must  determine  on  the  basis  of  local  need  the  general 
piogiam.  The  sanitation  division  head  should  then  develop  the  details  of 
his  OAvn  plan.  Ihe  interests  of  other  official  agencies  must  be  considered  in 
piepaiing  the  program.  Departments  of  municipal  government  responsible 
^r  refuse  collection,  operation  of  Avater  and  seAvage  plants,  control  of  build¬ 
ings  and  the  school  system  have  an  interest  in  local  sanitation  programs. 
At  all  levels  the  engineer  must  coordinate  the  activities  of  his  department 
Avith  other  agencies  that  may  have  some  influence  upon  his  AA^ork. 

ihe  value  of  civic  cooperation  should  not  lie  neglected.  Efforts  should 
be  made  to  keep  the  community  aAvare  of  the  sanitation  program  by  bringing 
representative  citizens  into  active  consultation  with  the  division.  This 
can  be  accomplished  to  a  certain  extent  by  participation  in  technical  groups 
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and  societies,  llie  citizen  supports  the  program  by  taxes.  It  is  as  important 
that  he  understand  wliy  money  is  spent  to  see  that  tlie  barnyard  of  a  dairy 
farm  is  p-aded  and  drained  as  it  is  tliat  lie  knows  why  funds  are  used  to 
assure  that  every  infant  is  immunized  against  diphtheria  and  whooping 
cough.  1  here  is  as  much  preventive  public  health  in  the  sanitation  part  of 
the  health  department  program  as  there  is  in  the  program  of  any  other 
major  division. 


Preventive  Sanitation 

Given  adequate  personnel,  a  good  sanitation  program  should  prevent 
complaints  since  fiequent  inspections  and  sur\'e3’’s  reduce  nuisance  and 
health  hazards.  i\Iany  complaints  are  based  upon  neighborhood  feuds  and 
do  not  constitute  a  health  hazard  l.)ut  must  be  accepted  as  a  factor  in  the 
sanitation  program. 

Complaints  must  be  answered  promptly.  Usually  a  health  nuisance  is 
not  the  fault  of  the  complainant  and  it  is  the  responsibility  of  the  health 
department  to  abate  it  promptly.  Furthermore,  prompt  attention  to  com¬ 
plaints  impresses  the  complainant  with  the  efficiency  of  the  personnel  and 
helps  to  establish  good  public  relations.  Complaints  also  lead  to  the  dis¬ 
covery  of  conditions  unknown  to  the  department  and  provide  an  ojipor- 
tunity  for  better  coverage. 


Records 


A  record  of  the  work  performed  and  the  results  obtained  is  necessary  for 
the  measurement  of  effectiveness.  Accurate  records  should  be  kept  to 
measure  progress  and  show  the  results  of  work  undertaken.  They  can  be 
used  as  a  basis  for  developing  new  methods  and  for  keeping  the  community 
informed  of  the  activities  undertaken.  Should  court  action  be  necessary 
good  records  can  prove  the  charges  made. 

At  least  two  types  of  records  are  needed.  One  should  record  the  day  to 


day  individual  activities  of  eaidi  person,  giving  details  of  time,  place,  person 
seen,  conditions  found,  and  other  pertinent  data.  The  second  should  consist 
of  a  condensation  of  the  individual  reports  and  serve  as  a  permanent  run¬ 
ning  record  of  events. 

The  check  type  of  investigation  sheet  has  pro\’ed  its  worth  in  many  in¬ 
stances.  It  is  convenient  and  time  saving.  Another  type  of  field  record  that 


has  extensive  value  in  analysis  is  the  “mark-sensing”  card.  Records  are 
made  on  machine  record  cards  by  filling  in  small  lilocks  with  a  special 
graphite  pencil.  The  cards  are  then  run  through  a  punching  machine  and 
holes  are  punched  in  the  cards  in  accordance  with  the  marked  record.  If 
several  programs  are  conducted  under  the  sanitation  division  it  is  possilile 
that  two  or  more  “sensing”  cards  will  be  necessary  to  permit  coverage  of 


ADMINISTRATION  OF  SANITATION  PROGRAMS 


409 


all  programs.  The  convenience  of  this  type  of  record  lies  in  the  fact  that  in¬ 
formation  can  be  punched  on  cards  directly  from  the  field  notations.  The 
cards  are  then  suitable  for  machine  sorting.  Examples  of  mark  sensing  cards 
developed  by  the  Seattle,  Washington,  Health  Department  are  shown  in 
Fig.  110. 


Criteri.^  for  Adeou.^te  Supervision 

There  is  no  clear  cut  agreement  among  sanitation  administrators  about 
the  frequency  with  which  various  activities  of  the  division  program  should 
be  performed.  Any  stamlards,  goals,  or  criteria  that  may  be  set  must  be 
modified  in  the  light  of  conditions  existing  in  any  community.  During 


periods  of  a  program  development-  it  should  be  expected  that  the  quality 
of  co\erag-e  will  not  be  as  good  as  would  be  expected  in  a  well  established 
program.  The  quality  of  personnel  will  have  an  effect,  also,  on  the  results 
obtained.  4  he  following  suggestions  are  given  as  an  indication  of  how  com¬ 
mon  practice  is  likely  to  vary. 

Suggested  Activity  Accomplishments 
Water  supjilies 

All  systems  surveyed  within  past  o  years. 

V 'ill  n  ^mplcs  at  least  e,,ual  lo  those  re,i.ure<l 

Pe/  ♦  ^  '  r  '  ^  'il>  If  Health  Isei  vice  Dniikiiift  Water  Slaii.laids. 
mitage  ol  population  sened  by  approved  munieipal  walei-  supply 

m  cities  ot  population  over  2500 .  98  0*  ^  ^ 

m  cities  of  population  200  to  2500 . ^  ^ .  85  0* 

After  figures  in  “Glrading  Standards  for  V  I’  II  \  t’  i  i  , 

mitteo  on  A.lniinistrative  Practice.  Amer.  Pub.’lIeaUh  AssVc^Zrch.'Tm’’ 
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Milk  supply 

Inspections  per  year  per  retail  raw  dairy  farm . 

Bacteriological  samples  per  year  per  retail  raw  dairy 

farm . 

Inspections  per  year  per  plant  producer  dairy  farm . 

Bacteriological  samples  per  year  per  plant  producer 

dairy  farm . 

Inspections  per  year  of  pasteurizing  plants . 

Bacteriological  samples  per  year  per  pasteurizing  plant. . 
Food  Control 

Percentage  of  eating  and  drinking  establishments 

visited  per  year . 

Percentage  of  restaurants  and  lunch  counters  with 

approved  facilities . . 

Percentage  of  restaurants  and  lunch  counters  with  ap¬ 
proved  methods . 

Percentage  of  slaughter  houses  surveyed  each  year . 

Sewage  Disposal 

Percentage  of  plans  for  community  systems  examined 

by  health  department . 

Percentage  of  population  connected  to  approved 
systems 

in  cities  of  more  than  2500  population . 

in  cities  of  500  to  2500  population . 

Swimming  pools 

Bacteriological  examinations  per  month  per  pool . 

Percentage  of  pools  meeting  bacteriological  standards. . . 
Percentage  of  pools  meeting  standards  of  construction 

and  operation . 

Camps  and  picnic  grounds 

Inspections  per  month  of  operation  of  camp . 

Percentage  of  camps  with  satisfactory  water  supply . . . 

excreta  disposal 

refuse  disposal. . 

Percentage  of  picnic  grounds  with  satisfactory 

water  supply. . . . 
excreta  disposal. . 


Schools 

Inspections  per  month. . . . . . 

Percentage  of  enrollment  in 

water  supply . 

excreta  disposal . 


schools  with  approved 


5  to  8 

6  to  12 
0.5  to  2 

4  to  8 
12  to  24 
12  to  35 


75  to  100 
95* 

95* 

75  to  100 


75  to  95 


95* 

80* 

1  to  4 
90  to  95 

85  to  95 

0 . 4  to  1 
85  to  100 
85  to  100 
80  to  95 

85  to  95 
85  to  95 

0.5  to  1 

90  to  100 
85  to  95 
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Percentage  of  pupils  with  adequate  lighting .  80  to  90 

ventilation .  80  to  90 

Percentage  of  pupils  in  schools 

with  approved  cafeteria  facilities .  100* 

methods .  100* 

Complaints 

Percentage  of  complaints  justified .  80  to  95 

justified  complaints  abated .  90  to  95 


The  higher  criteria  will  apply  for  the  better  developed  departments  where 
programs  have  been  conducted  for  several  years.  Good  personnel  should  be 
able  to  show  a  marked  steady  improvement  in  the  levels  reached  in  any 
part  of  the  sanitation  program.  Recognition  should  also  be  given  to  the 
fact  that  less  frequent  inspections  are  required  of  those  establishments 
found  to  have  good  facilities  and  trained,  conscientious  staff  and  super¬ 
vision.  Frequency  of  performance  of  any  activity  will  also  depend  upon  the 
size  of  the  sanitation  staff— frequently  less  often  than  that  reciuired  for 
satisfactory  performance. 


Financing  Program 


Most  sanitation  divisions  are  financed  by  public  funds.  The  amount 
provided  depends  upon  local  needs  and  acceptance  of  the  sanitation  pro¬ 
gram.  The  report,  “Local  Health  Units  for  the  Nation”^  considered  30 
cents  per  capita  the  minimum  yearly  budget  that  could  be  expected  to 
piovide  the  basic  sanitation  program.  That  estimate  was  made  in  1942. 
It  is  probable  that  with  the  decrease  in  the  value  of  the  dollar  that  has 
occurred  since  then  at  least  CO  cents  per  capita  per  year  would  be  required 
to  furnish  a  minimum  program.  The  amount  that  will  be  made  available 
by  any  community  depends  upon  the  clarity  with  wliich  the  community 
sees  the  need  for  the  expenditures.  It  is  the  responsibility  of  the  health 
department  to  convince  the  citizens  of  its  community  that  such  funds  will 
bring  the  desired  results. 


The  major  portion  of  any  sanitation  budget  will  continue  to  come  from 
general  tax  sources  Increased  federal  aid  may  mean  that  more  state  money 
be  made  available  for  all  health  department  activities.  This  of  course  is 

"'^resting  development  has  been  found  suc- 
sful  in  some  communities.  Largely  at  the  suggestion  of  various  com 
naercial  groups  special  sanitation  programs  have  been  set  up  to  superXe 
the  activities  of  those  groups.  An  agreement  was  made  between  theUalth 

haspermitted'L^l“eVirt^^^^^ 
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licenses  for  financing  the  specific  program.  Several  cities  on  the  west  coast 
have  developed  a  relationship  of  this  nature.  The  meat  sanitation  program 
of  the  Seattle  health  department  is  supported  by  fees  from  special  licenses.^ 

Legal  Enforcement 


Any  health  department  that  has  a  large  number  of  court  actions  is  ad¬ 
mitting  its  inability  to  meet  the  responsibilities  of  the  department  without 
using  the  arm  of  the  law.  Resort  to  court  action  is  an  admission  of  failure 
to  sell  the  program  to  the  community.  There  is  a  strong  regrettable  ten¬ 
dency  on  the  part  of  many  sanitation  division  personnel  to  use  the  ordinance 
book  as  the  reason  for  obedience  to  certain  rules  and  regulations. 

Good  public  acceptance  of  the  sanitation  program  should  make  court 
action  unnecessary.  Every  health  department  staff  member  should  be  ad¬ 
vised  that  summons  will  be  issued  only  as  a  last  resort.  Every  other  possible 
way  for  settling  differences  of  opinion  must  be  tried.  Education  is  the  best 
way  to  prevent  legal  actions.  The  health  department  staff  member  must 
learn  how  to  obtain  compliance  without  using  the  law. 

iSIany  court  actions  can  be  prevented  by  holding  hearings  of  an  informal 
nature.  During  these  hearings  the  complaining  staff  member  can  have  a 
chance  to  present  his  case.  The  offending  citizen  can  have  an  opportunity 
to  explain  his  actions.  In  such  a  hearing  it  is  possible  to  present  to  the 
offending  person  a  reasonable  explanation  of  the  department’s  viewpoint. 

Persuasion,  explanation,  education  and  compromise  have  their  limita¬ 
tions.  There  are  instances  where  nothing  but  court  action  obtains  the  re¬ 
quired  results.  Before  initiating  court  action  it  is  well  to  review  the  case 
with  the  legal  representative  of  the  department  or  city  to  assure  that  piopei 
care  has  been  taken  in  its  prepaiation. 
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Acid  mine  drainage,  255 
Activated  carbon,  154 
Activated  sludge  treatment,  198 
aeration,  201 
character  of  effluent,  202 
preliminary  treatment,  200 
theory  of,  198 

Aeration,  activated  sludge  plants,  201 
iron  and  manganese  removal,  156 
taste  and  odor  removal,  153 
Air,  effect  in  ventilation,  280 
Air  conditioning,  concept,  286 
comfort  cooling,  289 
buildings,  293 
railway  trains,  292 
restaurants,  292 
theaters,  292 

cross  connections  to  water  supplies, 
294 

definitions,  280 
development,  286 
effective  temperatures,  290 
effects  on  water  and  sewerage  systems, 
294 

industrial  applications,  289 
psychrometric  chart,  291 
Air  transportation,  344 
Algae,  135 

as  criteria  in  stream  pollution,  236 
control,  swimming  pools,  307 
water  supplies,  236 
Amebic  dysentery  epidemic,  167 
Antiseptics,  defined,  7 
Atmospheric  pollution,  carbon  monox¬ 
ide,  320 
dust,  314 

odors  and  fumes,  318 
pollen,  319 
smoke,  314 
incidents,  314 

smoke  control  regulations,  316 

Bacteriological  standards,  quick  freez¬ 
ing,  49 

swimming  pools,  308 
water  supplies,  168 


Bacteriostatic,  defined,  6 
Bakery  products,  sanitation,  53 
ropiness,  53 

Bathing  load,  swimming  pools,  300 
Beaches,  bathing,  310 
Bed  bugs,  367 
control,  368 

Berries,  cold  storage,  45 
Biochemical  oxygen  demand,  175 
control  of  sewage  plants,  194,  195,  202 
criteria  of  stream  pollution,  233 
Bio  filters,  196 
Bottling,  54 
bottle  washing,  56 
sanitation,  55 
Botulism,  27 
Bread,  53 

Broad  Street  epidemic,  108 
Bromine,  12 

swimming  pool  disinfection,  307 
Bubonic  plague,  355 
fiea  infestation,  370 
Bus  transportation,  343 
Butter,  103 
grading,  104 

Camps,  administration,  349 
hazards,  346 

insect  and  rodent  control,  348 
refuse  disposal,  349 
sanitation,  345 
sewage  disposal,  348 
supervision,  346 
swimming  pools,  349 
water  supply,  347 
Canning,  37 
botulism,  42 
containers,  38 
fruits,  40 

marine  products,  32 
meat,  31 
milk,  99 
oysters,  36 
procedures,  38 
sanitation  of  plants,  43 
spoilage,  42 
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temperatures  used,  40 
waste  disposal,  43 
Carbon  cycle,  206 
Carbon  monoxide,  320 
control  in  vehicular  tunnels,  295 
Carbonated  beverages,  94 
Certified  milk,  75 
Cesspools,  224 
Chemical  toilets,  218 
Chicago  Drainage  Canal,  178 
Cheese,  104 
curing,  105 

Chloramines,  action,  11 
applications,  12 

water,  disinfection,  164 
taste  control,  153 
effect  of  pll,  11 
Chlorine,  action,  8 
effect  of  pH,  8 

as  disinfectant,  camp  sanitation,  347 
dairy  equipment,  86 
dish  washing,  65 
swimming  pools,  301,  310 
water  supplies,  163 

odor  control  in  sewage  treatment,  204 
residual,  164 

sewage  plant  effluents,  203 
water  treatment,  color  removal,  158 
manganese  removal,  157 
taste  and  odor  removal,  153 
Chlorine  dioxide,  153 
Chocolate  milk,  100 
Church  fairs,  68 
Clams,  34 

Coagulation  of  water,  140 
floe  formation,  141 
effect  of  pH,  142 
j)lant  control,  143 
Cold  storage,  berries,  45 
eggs,  46 
fruit,  45 

humidity  and,  44,  46 
meat,  29 
plants,  48 
vegetables,  46 

Coliform  organisms,  bathing  beaches 
311 

milk,  75 
oysters,  36 

stream  pollution,  236 


swimming  pools,  308 
water,  168 
Condensed  milk,  99 
Contact  beds,  190 

Corrosion,  corrective  treatment,  158 
Cresols,  17 

Cross  connections,  166 

air  conditioning  eciuipment,  294 
defined,  166 
public  buildings,  339 
regulation,  167 
Crusteacea,  33 

Dakin  solution,  12 
Dairy  farms,  barn  jmrds,  79 
care  of  animals,  77 
excreta  disposal,  79,  81 
health  of  herds,  77 
personnel,  87 
insect  control,  79 
milking,  81 
machines,  82 
room,  78,  81 
lighting,  80 
sanitary  control,  79 
utensil  cleaning,  84 
Dairy  products,  98 
D  D  T,  applications,  370 
toxicity,  369 
Deer  flies,  361 
Dehydration,  fruit,  57 
procedures,  56 
vegetables,  56 
Dengue,  357,  359 
Dish  washing,  63 
chlorine  rinse,  65 
hot  water,  65 
machines,  64 

quaternary  ammonium  compounds,  65 
swab  test,  65 
water  temperatures,  63 
Disinfection,  defined,  6 
mechanism,  7 
water,  162 
Dried  milk,  99 
Dumps,  367 
Dust,  effect  in  air,  314 

Eggs,  cold  storage,  46 
Elutriation,  211 
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Environmental  sanitation,  313 
air  transportation,  344 
atmospheric  pollution,  313 
camps,  345 

cross  connections,  166 
housing,  322 

Fermented  milk,  100 
Fill  and  draw  swimming  pools,  2!)9 
Filters,  backwashing,  150 
efficiency,  147 
mud  balls,  151 
pressure,  151 
rapid  sand,  139 
slow  sand,  139 
Fish,  32 

Fish  life  and  stream  pollution,  229 
Fleas,  relation  to  disease,  370 
Flies,  control,  363 
Floe,  formation,  141 
Flow  through  swimming  pools,  299 
Fluorides  in  water  supplies,  167 
Food  establishments,  26 
handling,  59 
inspections,  26 
lockers,  50 
construction,  50 
temperatures,  50 

sanitation,  health  department  respon¬ 
sibility,  26 
infections,  26 
on  boats,  344 
on  railway  trains,  342 
illness,  26 
Fortified  milk,  101 
Fruit,  canning,  40 
cold  storage,  45 
temperature,  46 
dehydrated,  57 

Garbage,  see  refuse  disposal 
Germicide,  defined,  7 
types,  7,  8,  9,  11,  12,  13,  15,  16,  17,  18, 

19 

Glycol,  for  air  disinfection,  284 
Grit  chambers,  182 
Ground  water,  115 

Halogens,  13 
Hamburg  epidemic,  108 


Hampton  tanks,  183 
Heat,  effect  on  food  quality,  14 
Hog  feeding,  268 
public  health  importance,  269 
Holland  Tunnel,  295 
Homogenized  milk,  73 
defined,  98 

Household  garbage  grinders,  276 
Housing,  appraisal,  329 
area  redevelopment,  328 
enforcement  of  code,  330 
government,  327 
low  cost,  326 

public  health  programs,  322,  328 
requirements  of  good,  324 
slum  clearance,  325 
Hypochlorites,  action,  10 
effect  of  alkaline  water,  8 

Ice  manufacture,  57 
Ice  cream,  manufacture,  102 
sanitary  control,  103 
Imhoff  tanks,  183 
foaming,  186 
operation,  184 
Incineration  of  refuse,  273 
capacity  incinerators,  273 
disposal  ash,  276 
operation,  273 
sewage  sludge,  212 
Industrial  sanitation,  defined,  332 
drinking  water  facilities,  337 
illumination,  332 
lockers,  338 
lunchrooms,  338 
toilets  and  lavatories,  336 
Industrial  wastes,  250 
disposal  with  domestic  sewage,  255 
treatment  by  industry,  253 
utilization,  252 
Insect  control,  camps,  348 
dairy  farms,  79 
public  health  value,  354 
bubonic  plague,  355 
dengue,  357 
malaria,  357 
typhus  fever,  356 
yellow  fever,  357 
sewage  plants,  195 
Intermittent  filters,  190 
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Iron  in  water  supplies,  55 
removal  from,  aeration,  156 
chemical  preci])itation,  156 
contact  beds,  156 
zeolites,  157 

Land  fill,  see  sanitary  fill 
Lawrence  Experiment  Station,  172,  183, 
191,  198,  235 

Legislation  relating  to  stream  pollution, 
235 

compacts,  240 
public  law  No.  845,  246 
state  procedures,  243 
Lice,  control,  372 
relation  to  disease,  371 
Lighting,  332 

levels  of  illumination,  333 
quality,  334 

Lime  soda  process  for  softening,  160 
Loss  of  head  in  filters,  150 
Louisville  experiments,  127 
Lunch  counters,  69 

Malaria,  357,  358 
Manganese  in  water  sui)plies,  155 
removal  from,  aeration,  156 
chemical  precipitation,  156 
contact  beds,  156 
zeolites,  157 
Marine  products,  32 
clams,  34 
crusteacea,  33 
fish,  32 
oysters,  34 

protection  of  growing  areas,  36 
sanitary  control,  34 
standards,  35 
refrigeration  of,  33 
shrimp,  33 
Meat,  28 
canning,  31 
curing,  30 
pickled,  31 
smoked,  31 
slaughtering,  28 
inspection,  30 
spoilage,  30 
storage,  29 
temperature,  29 


Milk,  bacterial  counts,  74 
canned,  99 
certified,  75 
chocolate,  100 
condensed,  99 
definition,  73 
diseases  transmitted,  71 
evaporated,  99 
food  value,  71 
fortified,  101 
grades,  74 

bacterial  classification,  75,  76 
homogenized,  73 

Milk  production,  dairy  farm  sanitation, 
77 

cooling  equipment,  82 
delivery,  98 
health  of  animals,  77 
inspection,  81 
milking  operations,  81 
l)asteurization,  87 
regulations,  71 
straining,  82 

sedimentation  test,  76 
transportation,  83 
utensil  cleaning,  84 
Milk  plants,  87 
bottle  fillers,  94 
washers,  95 
cleaning,  96 
equipment,  97 
storage,  95 
Milking  machines,  82 
cleaning,  96 
Mine  drainage,  255 
Mixing  basins,  140 
Mosquitos,  357 

control,  artificial  containers,  383 
drainage,  381 
type  systems,  382 
maintenance,  382 
elimination  breeding  places,  380 
larviciding,  384 
airplane,  385 
residual  spray,  386 
natural  enemies,  381 
screen  of  buildings,  386 
stream  training,  383 
epidemiological  classification,  378 
indentification,  376 
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Mosquitos — Con’t 
life  cycle,  375 
relation  to  disease,  357 
Motor  courts,  facilities  required,  351 
sanitation,  349 
Murine  typhus,  357 
Methylene  blue  test  for  milk,  74 

New  York  harbor,  pollution  of,  177 
Nitrogen  cycle,  205 
Noise,  abatement,  332 
levels,  330 

Odors,  air,  318 
water,  135 
Oleomargine,  104 
Oliogodynamic  silver,  19 
Ortho-tolidine  test,  164 
Oysters,  34 

protection  of  growing  areas,  36 
sanitary  control,  34 
standards,  35 

Ozone,  air  disinfection,  284 

air  purification  in  manufacture,  18 
characteristics,  17 
water  disinfection,  78 

Pasteurization,  14 
disease  control,  88 
effect  on  bacteria,  14 
history,  87 
milk,  73 
procedures,  89 

high  temi)erature  short  time,  14, 
189 

multiple  vats,  90 
temperature  control,  92 
tests,  93 

Percolation  test,  222 
pH,  8 

action  with  chlorine,  8 
chloramines,  11 
in  coagulation,  142 

swimming  pool  control,  307 
testing  procedures,  143 
Phenols,  16 

Phosphatase  test  for  milk  pasteuriza¬ 
tion,  76,  93 
Pickling,  52 

Plant  life  and  stream  purity,  231 


Pollen  eradication,  319 
Poultry,  28 
Preserving,  51 

Pressure  filters  for  water,  151 
Privy,  pail  or  can,  218 
pit,  215 
vault,  217 
Psychoda  flies,  195 
Psychrometer  chart,  291 
Public  buildings,  cross  connections,  339 
sanitary  facilities,  339,  340 
ventilation,  281 

Quick  freezing,  bacterial  standards,  49 
display  cabinets,  50 
methods,  48 

Quaternary  ammonium  compounds, 
bathing  suits,  304 
characteristics,  15 
dish  washing,  65 
limitations,  16 
tests,  16 

Railway  sanitation,  340 
Rainfall,  113 
Rapid  sand  filters,  139 
Rat  i)roofing,  390,  392 
Raw  milk,  97 

Recirculating  swimming  pools,  299 
standards,  300 
water  purification,  304 
Recreational  use  of  reservoirs,  134 
Reduction  of  refuse,  268 
Refrigeration,  44 
quick  freezing,  48 
temperatures,  44,  48 
Refuse  disposal,  collection,  261 
frequenejq  262 
types  containers,  263 
vehicles  used,  264 
camjjs,  348 
composition,  261 
dumps,  257 
hog  feeding,  268 
incineration,  273 
reduction,  268 
sanitar}'  fill,  269 
sewerage  systems,  276 
Jasi)er,  Ind.,  277 
Relapsing  fever,  362 
Repellents,  370 
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Resiizuren  test  for  milk,  74 
Reservoirs,  132 

chlorination  of  secondary,  165 
recreational  use,  134 
sanitation,  134 
Residual  chlorine,  tests,  164 
Restaurants,  air  conditioning,  293 
buildings,  61 
church  fairs,  68 
dining  rooms,  62 
dish  washing,  63 
food  handling,  59 
insect  and  rodent  control,  66 
inspection,  67 
kitchens,  62 
milk  supi)ly,  61 
personnel,  58 
sewer  lines,  65 
toilets,  66 
water  suppl.y,  61 
waste  disj)osal,  65 
Ringleman  chart,  316 
Riparian  rights,  239 
Roaches,  366 
control,  367 

Rocky  Mountain  spotted  fever,  361 
Rodents,  communitj''  control,  397 
control,  breeding  places,  389 
food  supply,  391 
fumigation,  3!)6 
garbage  disposal,  392 
poisoning,  394 
rat  proofing,  390 
trapi)ing,  393 
vent  stoppage,  392 
dumi)s  and,  367 

relation  to  disease,  354,  355,  357 
species,  388 
Ropy  bread,  53 
Rural  sewage  disi)osal,  214 
cessi)ools,  224 
chemical  toilets,  218 
principles,  214 
l)rivy,  jjail,  218 
l)it,  215 
vault,  217 
sei)tic  tanks,  219 

Salmonella,  26 
Sand  filters,  rajjid,  139 


backwashing  of,  150 
mud  balls,  in,  151 
slow,  139 

Sanitation,  definition,  1 

personnel,  (jualifications  for  adminis¬ 
trators,  405 
recpiirements,  406 
si)ecialists,  404 

program,  accomplishment,  409 
administration,  401 
criteria  of  supervision,  409 
financing,  411 
records,  408 
scope,  401 

Sanitary  fill,  269 
construction,  272 
o])erational  procedures,  270 
settlement,  272 

Sanitary  survey,  definition,  21 
information  to  be  obtained,  21 
plan,  21 
l)ublicity,  21 
re])ort,  25 

Screenings,  disi)osal,  182 

Sedimentation  tanks,  187 
final,  202 
Hampton,  183 
Imhoff,  183 
[nimary,  186 

Septic  tanks,  209 
design,  220 
jiercolation  test,  222 
tile  fields,  222 

Sewage,  biochemical  demand  test,  176 
comjiosition,  174 
disiiosal  basis,  171 

activated  sludge  treatment,  198 
characteristics  of  effluent,  203 
preliminary  treatment,  200 
bio  filtration,  196 
chemical  precijiitation,  189 
contact  filters,  190 
dilution,  177 
oxygen  depletion,  177 
ImhofT  tankg,  183 
intermittent  sand  filtration,  190 
primary  sedimentation  tanks 
186 

cleaning,  187 
trickling  filters,  191 
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Sewage,  disposal  basis— Con’t 
final  effluent,  203 
chlorine,  use,  203 
commercial  use,  203 
interstate  carriers,  342,  343 
history,  172 
camps,  348 
motor  courts,  350 
rural  areas,  214 
urban  areas,  172 
principles,  175 
sludge  digestion,  204 
dewatering,  208 
disposal,  211 

Sewer  lines  in  restaurants,  65 
Sewerage  systems,  combined,  173 
effect  of  air  conditioning,  294 
garbage  disposal,  276 
separate,  173 
Shrimp,  33 
Slow  sand  filters,  139 
Sludge  blanket  devices,  147 
Sludge,  dewatering,  drying  beds,  209 
elutriation,  211 
vacuum  filtration,  209 
digestion,  carbon  cycle,  206 
factors  affecting,  206 
nitrogen  cycle,  205 
tanks,  207 
heated,  207 
theory,  204 

disposal,  dry,  digested,  212 
fresh,  212 

hygienic  aspects,  213 
gas,  use,  207 
Slum  clearance,  325 
Smoke,  control  regulations,  316 
effect  in  air,  314 
Ringleman  chart,  316 
Soft  drinks,  94 
Softening  of  water,  159 
lime,  160 
zeolites,  162 

Spoilage  of  canned  goods,  42 
Springs,  115,  116 
development,  117 
disinfection,  123 
Steam  sterilization,  7 
Sterilization,  6 

Stream  pollution,  administrative  i)rac,- 
tice,  237 


concepts,  240 
federal  control,  239 
public  law  No.  845,  246 
state  control,  240 
criteria,  233 

economic  consideration,  232 
effect,  aquatic  life,  231 
fish,  229 
fowl,  230 

public  health  importance,  227 
regeneration,  234 
standards  of  cleanliness,  235,  242 
use  of  plankton,  236 
surveys,  247 

trade  waste  treatment,  250 
Surface  water  supplies,  132 
Swab  test  for  dishes,  65 
Swimming  pools,  298 
algae  control,  307 
bacterial  standards,  308 
bather  load,  300 
camps,  349 
chlorine,  301 
cleanliness,  308 
construction,  300 
instructions  for  patrons,  302 
locker  rooms,  301 
records,  308 
suits  and  towels,  303 
sand  beaches,  304 
types,  299 

water  purification,  304 
disinfection,  306 

Taste  in  water,  152 
removal,  activated  carbon,  153 
aeration,  153 
chlorine,  153 
chloramine,  153 
chlorine  dioxide,  153 
source  of,  152 
Ticks,  373 

Tile  fields  for  septic  tanks,  222 
Toilet  facilities,  industrial,  336 
Trade  waste  treatment,  250 
Travis  tanks,  183 
Trickling  filters,  action,  192 
character  of  effluent,  203 
construction,  191 
control  of  Pyschoda  flies,  195 
design,  194 
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operation,  195 
sprinkling  systems,  193 
underdrains,  194 
Tularemia,  361 
Typhoid  fever,  3,  108 
Typhus  fever,  356 

Ultra  violet  radiation,  18 
air  disinfection,  284 
disinfection  value,  18 
utensil  sanitation,  19 
Utensil  sanitation,  defined,  15 
milk  plant  equipment,  84 
bacterial  count,  85 

V^acuum  sewage  sludge  filters,  209 
Vegetables,  canning,  39 
cold  storage,  46 
dehydration,  56 
frozen,  48 

Vehicular  tunnels,  295 
Ventilation,  carbon  monxide  theory,  280 
definitions,  280 
comfort  air  conditioning,  281 
zone,  281 

effective  temperature,  281 
disinfection  of  air,  283 
glycol  vapors,  284 
ozone,  284 

ultra  violet  radiation,  284 
dust  suppression,  284 
public  buildings,  281 
air  circulation,  282 
vehicular  tunnels,  295 

Wading  pools,  309 
Water,  analysis,  124 
camps,  347 

diseases  transmitted  by,  107 
legal  responsibility,  109 
disinfection,  chloramine,  11 
chlorine,  163 
ozone, 18 

ultra  violet  radiation,  19 
interstate  carriers,  241,  343 
importance  to  health,  107 
motor  courts,  350 
rural  supplies,  116 
source,  ground,  115,  129 


springs,  115,  116 
wells,  117 
surface,  113 

Water  for  public  supplies,  algae  in,  135 
consumption,  125 
effects  of  air  conditioning,  294 
historical  development,  126 
iron  removal,  132 
manganese  removal,  132 
purification,  136 
selection,  128 
standards,  168 
storage  reservoirs,  132 
use  of  ground  water,  129 

Water  purification,  chlorination  second- 
arj"  reservoirs,  165 
coagulation,  140 
control,  143 
color  removal,  158 
corrosion  control,  158 
cross  connections,  166 
disinfection,  162 
chloramines,  164 
chlorine,  163 
plant  control  of,  166 
floe  formation,  141 
fluoride  application,  167 
iron  removal,  155 
manganese  removal,  155 
methods,  137 
object,  136 
sand  filters,  139 
sludge  blanket  devices,  147 
softening,  159 
standards,  168 
taste  and  odor  removal,  152 

Wells,  117 

construction  of  deep,  130 
disinfection,  123 
drilled,  122 
driven,  120 
dug,  119 
protection,  130 

Yellow  fever,  357,  360 

Zeolites,  iron  removal,  157 
manganese  removal,  157 
softening,  162 
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